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Appendix 1     New approach for articular cartilage and expected outcomes 
A1.1 Existing numerical models in the past   
In tissue engineering, ‘virtual’ experiments conducted using computational 
models can provide a more flexible protocol for studying complex systems such 
as tissues and organs where biology and mechanics combine to determine 
function than in vivo or in vitro laboratory methods. This is particularly useful 
for discriminating between various possible ways a component influences a 
cascade of events (Arup et al, [2003]). The development of this capability is very 
important and it is a key idea leading to the main task of this thesis.  
A good quantitative model allows ‘virtual’ experiments to be done more rapidly 
than in vivo or in vitro experiments. However, results of these experiments 
depend directly on the model being employed. Hence, it is necessary to be very 
careful in formulating the model (Arup et al., [2003]). For this thesis, as  is 
discussed above and in more detail in Chapters 2 and 3, numerical, 
mathematical and experimental approaches are reviewed and finally, the 
principles of automata and virtual clay models are chosen for formulating the 
model for cartilage.  
To-date there are many studies using computational models to contribute to 
biology. For example, in immunology, advances in cell culture techniques, 
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immunochemistry, recombinant DNA methodology, X-ray crystallography and in 
the use of transgenic mice, researchers have found it possible to explain the 
diverse immunological phenomena (Arup et al., [2003]). Lee et al., [2003] used 
an in-silico model for intracellular signalling and C-SMAC (central 
supramolecular activation cluster). Wilson et al., [2003] discussed recent 
advances and reviewed publications in the area of computer-based (in silico) 
metabolism and toxicity prediction, and commented on the opportunities for 
prediction of metabolism-based toxicity. Bhalla, [2003] used computer models 
to process signalling networks that are complex both in terms of the chemical 
and biophysical events, and recognized that an in silico model is a good tool for 
describing the complexity of the system. Theil et al., [2003] proposed a 
modelling and simulation strategy for the prediction of pharmacokinetics (PK) 
of drugs by using currently available in- silico and in vitro based prediction tools 
for absorption, distribution, metabolism and excretion (ADME). Daniel, [2006] 
in his study, used a mechanoregulation algorithm for tissue differentiation to 
determine the influence of scaffold material properties on chondrogenesis in a 
finite element model of an osteochondral defect. He also predicted that in the 
future it may be possible to design patient-specific scaffolds on the basis of 
computer simulations of the kind presented in his paper. 
Considerable work on ‘computational model for cartilage’ was done by RA 
PhysioLab [6] to study rheumatoid arthritis. They created a computational 
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model of a prototypical articular joint in a patient with RA (rheumatoid 
arthritis). Their model integrates the biologic mechanisms responsible for 
inflammation of cartilage and bone degradation focusing on the disease 
dynamics at the cartilage/pannus junction.  
Un, [2002] in his doctoral thesis, proposed an numerical 3-D modeling 
procedure based on the biphasic theory, in which cartilage tissue layers in vivo 
contact conditions are modelled using finite element methods and 
experimental kinematics data. His model demonstrated that numerical or 
experimental studies on their own cannot accomplish the objective of 
representing tissue in silico and that a combination of the two may be required. 
A simplified numerical simulation of the contact of two biphasic cartilage layers 
was achieved by deriving approximate time-dependent contact boundary 
conditions from experimental data and applying those within a finite element 
scheme. Depth-dependent inhomogeneous elastic properties can be 
determined through microscopy-based experimentation but Un used uniform 
material properties (whether linear or nonlinear) from the literature for 
analysing the model.  
Spilker et al., [1999] modelled the functional mechanical response of soft 
hydrated tissue using the biphasic continuum theory of Mow et al., [1980] and 
solved the nonlinear partial differential equations corresponding to this theory 
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by developing and evaluating alternate finite element formulations. Then the 
authors created 3-D volumetric models of the tissue layers of the knee based on 
stereophotogrammetric (SPG) in-vitro data and constructed 3D tetrahedral 
meshes for each of the tissue layers. Representative force, displacement and 
velocity on the tissue surfaces were applied to this model and soft tissue 
material parameters were defined using the graphical user interface. The 3D 
time-dependent solution is calculated and visualized, allowing the analyst to 
examine 3D time-dependent behaviour of displacement, fluid flow, stress, 
pressure and strain throughout the tissue.  
In his thesis, Olsen, [2003] identified the parameters that cause the mechanical 
behaviour of articular cartilage and then modelled articular cartilage to 
investigate the depth-dependent parameters of a full-thickness matrix. Finite 
element protocol and programming were used to analyse the time-dependent 
response of the loaded cartilage relative to the framework of a physico-
chemically charged, swollen poroelastic material. Finally, he evaluated the 
biomechanical response of articular cartilage using his in- silico model. 
Models in tissue engineering almost all use FEA (finite element analysis). Even 
though FEA is a very strong method with which to analyse the deformation of 
the complicated structures, it cannot allow users to have an interaction with the 
model. This is very important for users who want to conduct in silicon 
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experiments that are impossible in the laboratory. The issue here is how to 
create a new computational model that can be used to find out the mechanism 
in order to explain the processes happening within the articular cartilage at 
macro-level, meanwhile providing users an ability to interact with the model as 
a real sample.  
In cartilage research,  to the best of the author’s knowledge, an in silicon model 
in which a complete map of the distributions of the concentrations of 
proteoglycans, collagen fibres and fluid content within the matrix throughout 
the joint and how this influences the response of cartilage fluid, does not exist.  
It is not simple to model, simulate and explain how the fluid flows at micro-
scale level within the cartilage matrix with respect to the laboratory 
experimental observations and results. We need a model that can allow the 
user to investigate the influence of fluid diffusion, proteoglycan depletion, 
swelling and other factors at microscopic or local level during cartilage 
deformation.  Such a model is presented in this thesis, using the principles of 
Cellular Automata and Virtual Clay modelling.   
A1.2 Cellular Automata and Virtual Clay modelling 
The expression in- silico was first introduced in 1989 in the workshop "Cellular 
Automata: Theory and Applications" in Los Alamos, New Mexico. Miramontes, 
[1992], a mathematician from the National Autonomous University of Mexico 
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(UNAM) presented the report "DNA and RNA Physicochemical Constraints, 
Cellular Automata and Molecular Evolution". In his talk, Miramontes used the 
term "In silico" to characterize biological experiments carried out entirely on a 
computer. The work was later presented by Miramontes as his PhD dissertation. 
Many years ago, Stanislas Ulam, a Jewish Polish-American mathematician, was 
also interested in how to develop graphic constructions from simple 
computational rules. Firstly, he focused on 2D space that consists of “cells”. 
Every cell had two states where it could be ON or OFF in its current state. In the 
next generation or subsegment state, the conditions would change these states 
will be changed according to neighbourhood rules. Therefore, from a given 
pattern, a series of next patterns will be obtained as long as the number of 
generation and the neighbourhood rules are set.  
There are three fundamental features of a cellular automaton namely, i) 
uniformity: all cell states are updated by the same set of rules; ii) synchronicity: 
all cell states are updates simultaneously; and iii) locality: the rules are local in 
nature; (Schiff, [2008]).  According to above features, a rule of cellular automata 
is applied to each cell at the local level.  Each cell (i.e. central cell) will update its 
state depending not only on its current state but also on the state of the cells in 
its vicinity.  These cells that make an influence on the central cell’s updating 
state are called neighbouring cells and these neighbouring cells create the 
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spatial region that is referred to as the neighbourhood.  The size of the 
neighbourhood is not restricted as long as it is the same for all cells (Schiff, 
[2008]).  However, in fact only adjacent cells are used to make up the 
neighbourhood because if we take so many cells into the neighbourhood, the 
complexity of the rule may be unacceptable (Chopard and Droz [1998]. The way 
that we take cells into the neighbourhood is referred to as the neighbourhood 
rule.   
As the same time that Ulam did his research, Neumann [1951] was interested in 
self-replicating systems and spending his time on the theory of self-
reproductive automata; he then worked on the conception of a self-
reproductive machine, the "kinematon". Some difficulties were found and it 
was suggested that John von Neumann use “cellular spaces” to build his self-
reproductive machine.  
Also in the 1940s, a cellular automaton model of excitable media was 
developed by Wiener and Rosenblueth, [1946]. In their work, a mathematical 
description was presented to support impulse conduction in cardiac systems. To 
date, many modern research publications on cardiac arrhythmia and excitable 
systems still refer to this original work.  
In the 1970s, John Conway invented a two-state, two-dimensional cellular 
automaton named Game of Life. The rule is very simple: If an OFF cell has 2 or 3 
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OFF neighbours, its state is OFF. If an OFF cell has less than 2 or more than 3 
OFF neighbours it becomes ON. This work is very well-known, particularly 
among the graphic computing community.  
One of the scientists who was working on information and graphics sciences, 
Yoshiaki Takai, thought about how to create a model for particle motions, and 
chose “cellular automaton”.  In the paper (Takai et al., [1995]), a new way of 
modelling particle motions such as flame from smoke or a synthetic trickle of 
water was described using cellular automata based on the concept that cellular 
automata provided massively parallel models for simulating complex 
phenomena.  
Furthermore in 1999, free-form shape modelling was introduced by Arata, et 
al., [1999]. They introduced the virtual clay model in which the deformation was 
based on the process of equalizing density distribution in the numerical space 
to solve this problem. In their paper, cellular automaton and Margolus 
neighbourhood rule were used to obtain plastic deformation within a 3D voxel 
space. The novelty of this work was that by regarding the objects as clay, which 
shows well-known plastic deformation, the user would not need high level 
mathematical knowledge. Considerable computation time for deformation was 
shortened because strict physical laws were not used in this model.  The model 
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was suitable for interactive application (Takai et al., [1995], Arata, et al., 
[1999]). 
However, in 2003, the paper published by Druon et al., [2003] proposed a new 
approach based on the work of Takai et al., [1995] and Arata, et al., [1999] for 
more efficiently simulating highly deformable 2D substances undergoing 
viscoplastic deformations in real time. They found that the macroscopic 
behaviour of the object obtained with the method described in Takai et al., 
[1995] and Arata, et al., [1999] was not always realistic. The problem was solved 
with Druon et al., [2003]   introducing three repartition rules which include 
physical laws. 
A1.3 New model for articular cartilage 
In order to establish virtual cartilage that has all the specific characteristics of 
real cartilage, three aspects should be considered carefully. Firstly, “virtual” 
leads us to think of something that is made of non-biological material. Recent 
rapid development of digital technology and computer science suggests that 
the idea of making a digital model rather than other models that are 
constructed of manufactured materials is available option. Secondly, in order to 
ensure that virtual cartilage has “specific characteristics of real cartilage”, the 
structural features such as geometry, distributions of major components and 
their connection must be represented in the virtual cartilage. Finally, the 
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mechanism governing the behaviours of the matrix can be further studied and 
understood with this new thinking on creating a model of the tissue. 
 Articular cartilage is a relatively thin translucent soft tissue that covers the end 
of long bones such as the femur. Basically, articular cartilage consists of three 
major or load bearing components, namely collagen fibre meshwork, 
proteoglycans and water. The 3-D network of type II collagen fibrils entraps an 
aggregation of fluid-swollen proteoglycans and osmotically active fluid which is 
a major driver of the deformation characteristics of the tissue (Bentley and 
Minas, [2000], Broom and Silyn – Roberts, [1989]). The variations in the three 
components’ distributions make its structure complex, with the matrix of the 
tissue being anisotropic and heterogeneous. However, the deformation in 
articular cartilage can be easily explained by considering immobile and mobile 
components of articular cartilage. Proteoglycans and collagen fibrils are 
immobile components, thus they do not directly play a role in matrix 
deformation. Fundamentally, the movement of water which is controlled by 
osmosis and associated osmotic pressure distribution is the major governing 
factor in the deformation of articular cartilage. 
Osmotic pressure, is one of four well-known colligative properties of a non-
electrolyte solution, with the others being freezing point, lowering of vapour 
pressure and elevation of the boiling point (Sun, [1992]).  This property is a 
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significant factor in the manifestation of the physiological function of articular 
cartilage and must be fully accounted for in any analysis of the tissue.  This 
property would be expected to influence the micro-mechanism of matrix 
deformation and hence the macro-level responses of cartilage.  The relevant 
components defining the osmotic pressure of the cartilage matrix are the 
solution (solvent and solute) chemical potential and its gradient or distribution 
and the semi-permeable membrane that is formed by the proteoglycan-
collagen structure.  Consequently, a primary consideration in this thesis is how 
to appropriately represent these components of the matrix to effectively study 
their functional interaction, especially the osmotic diffusion and percolation 
activities of the active fluid.  This challenge would see the development of free 
form modelling or the adaptation of virtual clay and cellular automata 
modelling principles to cartilage biomechanics that would lead to an insight into 
the internal matrix activities induced by externally applied load.  This challenge 
necessitates a more rigorous understanding of osmosis and the nature of the 
osmotic pressure of functional biological gels like articular cartilage.   
Based on the above arguments, we can see that the concentrations of these 
constituents play a very important role on cartilage’s behaviour as they 
influence the mechanical, electrical and chemical characteristics of the tissue 
(Mollenhauer et al., [2001]; Bullough and Goodfellow, [1968]). Hence, the 
determination of the concentrations and distribution of these components in 
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for example, whole patella in the process of creating virtual cartilage would 
constitute one of the most significant components of this thesis. Collagen and 
proteoglycan distributions were determined using histological methods with 30 
patellae. Water distribution was calculated depending on the distribution of 
these two relatively “solid” components, and subject to the conventional theory 
of water distribution along four hypothetic layers (Wong and Carter, [2003]; 
Broom and Silyn – Roberts, [1989]).  The thickness was measured with 
histological tests in an attempt to provide information for calculating the 
deformation.  
If we divide the matrix into a regular grid consisting of voxels, and each voxel 
has information such as the concentrations of the three components that are 
determined as discussed above, then cellular automata and virtual clay models 
(Fig. A1.1) can help to create a new model for articular cartilage that has all the 
features of the articular cartilage matrix. 
Briefly, the process for creating the model sought is illustrated in flow line 
below (Fig. A1.2). Initially, the automata model was made of use to set up the 
virtual clay model. Next, the virtual clay model is applied in order to propagate 
material from voxel to voxel based on the threshold at each voxel without 
reference to a physical law or mathematical equation. Finally, the virtual clay 
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model was improved by applying repartition rules to obtain more 
representative deformation responses from the model (Fig. A1.2) 
 
 
 
It is again noted that a model following (Fig. A1.1 and A1.2) does not exist for 
articular cartilage.  This thesis therefore fills an important gap in the current 
knowledge on modelling and simulation of the tissue’s physiological 
characteristics and functions. As demonstrated in Fig. A1.3, cellular automata 
and appropriate rules will be employed as a new and innovative idea on 
cartilage modelling.  This is would result in an essential step toward multiscale 
model of articular cartilage.  
 
 
 
 
 
 
Fig. A1.1: Some results of models based on cellular 
automaton and virtual clay model 
Cellular 
automata 
model 
Virtual clay 
model 
Deformation 
of clay, 
ceramic, 
plastic 
material 
Flow of gas, 
flame, smoke, 
synthetic trickle 
of water   + ---> 
Fig. A1.3: Conceptual basis of a multiscale model of articular cartilage 
Cellular 
automata 
model 
Virtual clay 
model 
Deformation 
of articular 
cartilage 
Flow of water 
+ 
---> 
The set of 
rules 
+ 
Automata model Virtual clay model Modifying Virtual clay 
model 
Fig. A1.2: The process of how to create a virtual clay model 
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A1.4 Expected outcomes 
The outcome of these processes is a visualization model that has the main 
characteristics of real cartilage such as deformation, fluid flow and stress-strain 
relationship.  The mechanism behind the bulk characteristics of articular 
cartilage was presented using the transition rule, a part of the cellular automata 
principle. The models were created using Matlab codes that can be used in 
calculations for representing all the features of the process such as deformation 
and fluid flow. Therefore, the models can be used as the virtual intact sample 
on which in-silico the experiments can be carried out. We can represent 
degraded or abnormal samples by changing distributions and concentrations of 
the major components inside the matrix that is difficult to achieve with 
precision in in-vitro experiments. Once samples and their features are set, 
experiments will be carried out on computer and from these in-silico 
experiments, the curves that represent relationships between strain and time 
(represented by number of step) and the knowledge of how water moves from 
voxel to voxel, depending on the transition rule as well as a rate constant of 
material distribution, can be obtained.  
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Appendix 2     Numerical techniques and applications to cartilage modelling  
Introduction  
In this appendix, the complexity of the cartilage matrix and its computational 
representations are addressed.  This chapter also provides the fundamentals of 
cellular automata from which the idea of the new model of cartilage structure 
based on the osmotic load bearing unit of Oloyede and Broom [1993b] and the 
balloon-string model of Broom and Marra [1985] is established.  Some cellular 
automata are also introduced and incorporated into a virtual clay (Arata et al., 
[1999]; Takai et al., 1995; 1999) scheme to represent the microscopic elements 
of the deformation process in cartilage.  This scheme allows the simulation and 
probing of the osmotic pressure gradient and fluid flow mechanism (percolation 
and diffusion) underlying the macroscopic deformation (stress and strain) of the 
tissue.   
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A2.I Numerical approaches 
Current numerical approaches are mostly based on the finite element method 
which can be used to characterize the macroscopic behaviour of the tissue.  The 
protocol invites solving a system of ordinary differential equations with a set of 
constitutive laws.    
A2.1 Cartilage structure and numerical modelling 
Cartilage, which is a soft tissue, has a complex structure because of the nature 
of the combination of the three major components: proteoglycans, collagen 
and water.  Proteoglycans and collagen provide load bearing stiffness whilst the 
free fluid component plays a number of important roles, such as creating the 
swelling pressure due to the fixed charge density (FCD) of the proteogylcans, 
contributing to the behaviour of the matrix as a whole. Therefore, the influence 
of each component on the mechanical response needs to be considered to yield 
useful results. Over many years, some theories have been introduced to explain 
some of the physical processes which occur when the cartilage is under load. 
These theories are used to understand and quantify the mechanical responses 
of the cartilage matrix; however, they do not provide insight into the nature of 
the temporal and spatial activities, usually microscopic mechanism, governing 
the global deformation pattern observed and measured in traditional 
laboratory experiments. 
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A2.1.1 Poroelasticity theory 
The concept of a porous elastic medium was first used in soil mechanics – in 
particular the work of Terzaghi, [1943]. The poroelasticity theory was 
developed by Biot [1941] who used poromechnics as a foundation for his work 
on soils. According to this theory, the material is considered to be a porous 
medium saturated by a fluid that is either liquid or gas. Many natural materials 
can be considered porous materials, such as rock, soils, and biological tissues. 
For biological soft tissues, the solid components are considered elastic and the 
fluid inviscid or viscous, hence, the term poroelasticity was developed by Biot 
between 1935 and 1957 (Biot, [1956a], Biot, [1956b] and Biot, [1957]). 
Articular cartilage consists of a solid skeleton (i.e. collagen network and trapped 
proteoglycans) and both immobile and mobile water. This structure is highly 
nonlinear, anisotropic and heterogeneous. In order to describe the behaviour of 
the material we can use equations of the linear theory of poroelasticity based 
on equations of linear elasticity for the collagen-proteoglycans network, 
Navier–Stokes equations for fluid flow, and Darcy's law for the flow of water 
through cartilage. These equations enable further computation to compute the 
mechanical parameters of the responses of cartilage.  For example, Li et al., 
[2000] combined the depth dependence of material properties of articular 
cartilage with a nonlinear fibril-reinforced poroelastic model using the ABAQUS 
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finite element package.  In this model, the collagen fibrils were considered as a 
distinct component which reinforces the other two components namely 
proteoglycans and water. This work helped to study the significance of material 
heterogeneity in the mechanical behaviour of cartilage.  
Stokes et al., [2010] investigated instabilities in the calculation of interstitial 
fluid pressures, especially at the boundaries of similar and different materials 
and concluded that the finite element analysis of loaded poroelastic materials 
might yield ill-conditioned solution when rapidly loaded.   
A2.1.2 Mixture theories 
Woltman introduced the first mixture theory in the 18th century (Woltman, 
[1797]).  According to the mixture theories, a continuum model consists of 
volume fractions of a representative element volume. In the continuum model 
there is fraction of all components at each point (Fig. A2.1). 
 
 
 
 
 
                                      Fig. A 2.1:  Volume fractions make up a continuum model 
Component  1 
Component  2 
Component  3 
Volume fractions 
 
Continuum model 
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In order to calculate the specific weight of mud, from a mechanical response 
perspective, Woltman introduced theoretical framework for quantifying this 
response.  Woltman’s first formula is rather simple; it includes the weight and 
the volume of loose earth and the water in a ratio that represents the 
relationship between the pore volume and the earth volume. In later research 
performed by Fick, [1985], on the problem of diffusion of mixture, a differential 
equation in which the variation of the concentration of the component, 
depending on time through cross-section A along one direction, was 
introduced.  Darcy’s law was also introduced in the same period to represent 
the relationship between pressure difference and fluid flow (Darcy, [1856]).   
For cartilaginous tissues which are composed primarily of the three major 
constituents: water, collagen, and proteoglycans, the mixture is modelled as 
being composed of a solid constituent representing the collagen-proteoglycan 
matrix and a fluid constituent representing the water.  Mixture theory was 
applied to articular cartilage by Mow using a two-phase or biphasic model to 
study creep and stress relaxation of articular cartilage in compression (Mow et 
al., [1980]), Lanir  using bicomponent theory for small deformations (Lanir, 
[1987]), Ateshian modelling the finite deformation and flow-dependent  
mechanical  properties of articular cartilage (Ateshian et al., 1997) and Frijn 
introduced the four-component, two-phase model as a mixture model to study 
the behaviour of articular cartilage (Frijns [2000]). 
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However, the limitation of this theory is the mathematical complexity that has 
hindered its application to complicated loading profiles, e.g., indentation or 
other multi-dimensional configurations (Lu et al., [2010]). 
Furthermore, in cartilage, solid and fluid components intermingle on a 
molecular scale, phase boundaries do not exist and thus porosity cannot be 
defined in a rational sense.   Therefore, Harrigan and Mann [1987] suggested 
that the formulations which resort to the use of porosity must be re-thought, in 
order that physically meaningful formulations result and truly predictive studies 
can be performed. 
In earlier study, McCutchen [1982] indicated that cartilage is poroelastic, not 
viscoelastic. The argument for that point is that the cartilage skeleton is bathed 
in fluid. McCutchen observed that except in pure shear deformation, attaining 
equilibrium strain required pore fluid flow out of the cartilage; and this flow 
was retarded by viscous forces. From this observation, McCutchen concluded 
that the behaviour of cartilage is poroelastic.  
Simon [1992] stated that the structure of cartilage should be viewed as a 
deformable (porous) solid matrix that is saturated by mobile tissue fluid.  The 
characteristics of these structures are a highly nonlinear, history-dependent 
material behaviour that undergoes finite strains; and may swell or shrink when 
tissue ionic concentrations are altered.  Simon reviewed some applications of 
poroelastic and mixture-based theories and the associated Finite Element 
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Methods (FEMs) for the study of the biomechanics of soft tissues.  This paper 
also presented equivalent models based on finite-strain poroelastic theory and 
mixture continuum biomechanical theory.  The comparisons indicated that 
mixture and poroelasticity formulations result in same results under 1-D and 
are different under 3-D/unconfined constrain.  Based on these, Simon 
suggested possible applications of the porohyperelastic and mixture-based 
FEMs and identified a number of biomechanical research areas.  
Based on the ultramicroscopic data on cartilage and the viewpoints summarised 
above, this thesis argues against the theory of phases because a phase is a 
distinct entity which is not the case with any of the component of cartilage. 
They are inseparable to the ultramicroscopic level.  
A2.2 Numerical solution methods  
Several numerical/discretization methods are available for computational 
modelling and analysis. The prominent ones that have been applied to the 
articular cartilage matrix and other poroelastic material are: i) Finite Element 
Method (FEM); ii) Finite Difference Method (FDM); iii) Boundary Element 
Method (BEM); iv) Finite Volume Method (FVM); v) Meshfree Method (MFM). 
Among these methods, FEM is the most widely used for both linear and 
nonlinear problems. However, BEM is a strong second choice for specific 
analysis such as problems where there is a small surface/volume ratio. FDM has 
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disappeared gradually from practical use but it is still important in fluid 
mechanics and is the preferred method for discretizing the time domain. FVM 
which is related to conservation laws, is the smart choice for fluid mechanics 
such as High Reynolds Number gas dynamics.  Meshfree, a gradually developing 
method, is used for problems of moving boundaries (Felippa, [2003]). A 
combined mathematical and numerical approaches has been developed by 
Zhang et al., [2009].   Zhang et al., [2009] developed an integrated 
mathematical model that quantifies biological processes within cartilage tissue 
modulated by insulin-like growth factors (IGFs). Specifically, the model 
examines IGF transport through a deforming porous medium, competitive 
binding to binding proteins and cell receptors, and matrix macromolecule 
biosynthesis—particularly glycosaminoglycans (GAGs). The authors used this 
model to investigate the effect of synovial fluid IGF-I concentration on cartilage 
homeostasis. Based on the results, they suggested that when the concentration 
of IGF-I reached a certain threshold, GAG production can be rapidly “switched 
on”.  Zhang also predicted that high receptor concentration leads to 
heterogeneous matrix production.  Since it contains combined effect of IGF-I 
and mechanical loading on biosynthesis, the model can be used to predict that 
a loading regime with high strain magnitude (e.g., 10%) can achieve a 
synergistic effect on matrix protein production. Furthermore, Zhang et al 
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concluded that dynamic loading could promote spatial homogeneous GAG 
production.   
However, insight into activities such as osmosis and internal pressure advection 
and their relationships with deformation are not provided by the researches, 
thereby leaving an important gap in available knowledge on cartilage modelling.    
Because of the dominance of FEM for nonlinear problems this section will focus 
on FEM for investigating the question of why the conventional numerical 
methods were not chosen for this model since in principle, the limitations of 
FEM and the other methods mentioned are similar. Their limitations can be 
primarily summarised as:  i) they all only characterize and provide macro-scale 
responses and depend significantly on experimental results and curve fitting. ii) 
MFM is still very confined to elastic and especially crack growth problems, 
despite its capabilities and particulate nature; it cannot on its own resolve the 
micro-mechanisms underlying the global deformation and function of the 
complex cartilage material. iii) they all rely on representative /accurate 
differential and constitutive equations with nodes, elements and volumes 
obeying the same equations, leaving no room for flexibility or at best offering 
limited opportunity for varying responses at the local micro-scale levels.  
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A2.2.1 Finite element method 
A2.2.1.1 Introduction 
The Finite element method (FEM) is based on a numerical technique that 
provides approximate solution of ordinary and partial differential and integral 
equations.  It is used to model physical problems such as determining 
displacement, stress and strain relationship, static, transient dynamic, steady-
state dynamic, modes and frequencies of vibration, modes and loads of 
buckling, heat conduction and electrostatic fields.  These problems can be linear 
or non-linear, coupled or uncoupled (Bathe and Wilson, [1978], Cook et al., 
[1989], Desai and Abel, [1972]).  For complicated problems such as car structure 
or pipelines, FEM is very helpful in solving the partial differential equations that 
describe their features, particularly when the domain changes, when the 
desired precisions are different from part to part in the whole domain, or when 
the solution is not smooth somewhere over the entire domain (Fenner, [1987], 
Cook et al., [1989]). 
FEM is convenient from the perspective that the mesh does not need to be 
regular. It is possible to divide the domain into sections allowing for a finer 
mesh and more elements in the more complicated, or critical, regions.  For each 
element, variational forms of the problem will be solved based on 
approximated functions, satisfying boundary conditions as well as equilibrium 
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and continuum between elements (Bathe and Wilson, [1978], Cook et al., 
[1989], Desai and Abel, [1972]). 
In mechanics problems, when an object is loaded, deformation will occur and 
internal forces will equilibrate with external forces. Displacements and internal 
forces are the ‘unknowns’ of the problem. Different equations will be created 
based on material macroscopic characteristics obtained from experiments or 
observations including stiffness properties, compatibility and equilibrium of 
forces (Fenner, [1987], Cook et al., [1989]). 
If we can create a shape function, we can work out the ‘unknowns’ with 
boundary conditions. In the case that a shape function cannot be created, an 
approximate solution to solve the differential equations, with boundary 
conditions, can be used and then the unknowns can be solved. That is the basis 
of FEM (Reddy, [1985], Zienkiewicz and Taylor, [1989]). 
There are two common implementations of FEM, the displacement-based 
method and the force-based method. The displacement-based method satisfies 
conditions of material stiffness properties and compatibility but only partly 
satisfies conditions of force equilibrium. The unknowns of the method are 
displacements.  The force-based method satisfies conditions of material 
properties and force equilibrium but partially satisfies compatibility conditions. 
The unknowns of this method are forces. The force-based method encounters 
Appendix 2      Numerical techniques and application to cartilage modelling 
 
333 
 
difficulties when using a computer to automatically solve; therefore the 
displacement-based method is more popular (Reddy, [1985]; Zienkiewicz and 
Taylor, [1989]; Felippa, [2003]). 
Here are the generic steps for the displacement-based method 
 Divide the whole domain into n simpler and idealised finite elements 
 Interconnect these elements via nodes. 
 Approximate displacement equations using polynomials for each 
element; thereby choosing the approximate solution or the function for 
creating the simultaneous equations that are solved computationally.  
 Create mathematical equations based on relationships between 
displacement-strain, stress-strain, static equilibrium, boundary 
conditions and principle of virtual displacement.   Each equation will be: 
                                                                                                     
(Where M is element mass, C is element damper; K is element stiffness; 
  is element displacement,    is element velocity;    is element 
acceleration and   is force put in element.) 
 Compile these equations into a single matrix equation.  
 Solve this equation to determine     
For instance if we have an elastic body, the single matrix equation should be, 
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where    is stiffness matrix;     is the displacement vector and     is force 
vector. 
We can find     using Gaussian elimination. Note that (2.2) can be written as  
                                   
          
          
    
          
   
  
  
 
  
       
  
  
 
  
                                     
From the first equation of (2.3), we can have    
                                      
   
   
     
   
   
   
  
   
                                         
Replacing (2.4) into the 2nd, 3rd,...nth equations of  (2.3), we have 
 
 
 
 
 
 
 
 
          
     
   
   
        
   
   
   
    
     
   
   
        
   
   
    
 
 
 
 
 
 
 
 
  
 
  
 
  
  
 
  
 
 
  
 
  
 
    
 
 
 
 
 
 
 
  
   
   
   
  
 
   
   
   
  
 
 
 
 
 
 
 
 
   (A2.5) 
(2.5) can be written as  
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With                                              
             
       
  
           
      
            
After eliminating                 , we have  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
    
          
 
     
         
 
     
      
        
   
      
     
           
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
  
 
 
  
   
 
 
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
From the last Equation A2.7 we can have 
                                                            
  
   
      
                                                              
Similarly, we can have                
From      the stress and strain of any point within the body can be determined 
(Irons and Ahmad, [1980]; Krishnamoorthy and Paneerrselvam, [1977]; Reddy, 
[1985]; Fenner, [1987]; Zienkiewicz and Taylor, [1989]). 
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A2.2.1.2 FEM for soft tissues 
FEM is applied to soft tissue problems based on either poroelasticity  or mixture 
theories.  The mechanical response of soft tissues will be determined depending 
on whether the material is considered as porous elastic solid saturated by 
mobile fluid, or as a continuum mixture of solid and fluid (Simon, [1992]). As 
discussed in Section A2.1.2, there are two methods, namely displacement-
based FEM and force-based FEM. In displacement-based FEM, it is considered 
that both components, solid and fluid, have displacements during the process 
of deformation.  
The field equations for both poroelasticity and mixture theories as well as the 
mechanics of soft tissues were developed using Eulerian and Lagrangian 
formulations. For both Eulerian and Lagrangian forms, the mechanics principles 
such as Conservation of Momentum, Incremental Constitutive laws, Virtual 
Displacement and Boundary Conditions including equations of static equilibrium 
as well as kinematic conditions were applied to obtain the system of equations 
(Irons and Ahmad, [1980]; Reddy, [1985]; Simon, [1992]; Zienkiewicz and Taylor, 
[1989]).  
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A2.2.1.3 Limitations of FEM in soft tissue research  
A2.2.1.3.1 The equations and parameters  
The diagram for establishing FEM is illustrated as below  
 
 
                                             
               
 
 
                                  
 
 
 
 
 
 
 
 
 
(7) Choosing an appropriate solution method (lumped or multistep) 
Solving the system of partial differential equations and obtaining the 
results for each element.  
(1) Considering the structure of soft tissues 
and the physico-chemical processes inside 
the tissues 
(6) Dividing the domain into finite elements; 
Choosing appropriate element(s), 
convergence criterion etc.   
 
(2) Choosing an assumed model such as 
poroelasticity model, biphasic model, 
triphasic model or multi-component 
model 
(3) Creating the mathematical equations 
based on physical laws such as principle of 
virtual displacement, boundary conditions, 
Cauchy equations (for displacement-strain 
relationship), and material equations (for 
relationship between stress-strain)   
(4) Determining material 
parameters using experimental 
results 
(5) Setting up the system of partial differential equations for 
system using the results in (3) and (4)   
 
Diagram A2.1: Establishing FEM 
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At step (3) and (4), physical laws such as Darcy’s law, constitutive laws or 
material equations are based on experiments with an intact sample. For 
example, in Darcy’s law. 
                                                    
 
 
 
        
 
                                                            
This formula was derived by performing flow experiments through natural sand 
at a macroscopic level in which   is the fluid flow,   is the cross-sectional area, 
  and    are the pressures with         being the pressure gradient driving 
fluid flow,    is the global/macro-scale permeability coefficient, and   is the 
distance (Darcy, [1856]).   
In the material equations, for example linear materials, we have the 
relationship between stress and strain, 
                                                                                                                                                                                           
where   is stress,   is strain and   is a material property parameter (Hooke’s 
law). This relationship was established for the whole intact material at the 
macro-scale level.  Also, the material parameters such as   and   are 
experimentally determined for the whole domain.  These results are applied for 
each element in (6) and then the unknowns at each element used to work out 
the unknowns in the whole domain.  
For example, in Fig. A2.2, the FEM differential equation would be applied for 
each of the 35 elements.  The boundary conditions for E2, E3, E4, E5, and E6 
may be different from those of the rest but the material parameters and the 
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relationship between stress-strain and displacement-strain is similar for every 
element.  Even though FEM can handle nonlinear relationships, it is quite 
limited in this instance, because the structure of cartilage is highly anisotropic, 
heterogeneous and contains variable nonlinearities.  Relationships as well as 
material parameters in cartilage are expected to change element to element, 
area to area, volume to volume and layer to layer.   
A2.2.1.3.2 FEM cannot provide the understanding of mechanism behind the 
mechanical behaviour of loaded tissues 
A2.2.1.3.2.1 Mechanical behaviours of materials 
As discussed in Section A2.2.1.3.1, each element in the domain is 
interconnected via nodes and we can establish the equations and solve these 
equations to obtain the unknowns at each node.  
   
                                         
E1 E2 E3 E4 E5 E6 E7 
E8 E9 E10 E11 E12 E13 E14 
E15 E16 E17 E18 E19 E20 E21 
E22 E23 E24 E25 E26 E27 E28 
E29 E30 E31 E32 E33 E34 E35 
 
Fig. A 2.2: A grid of FEM with 35 elements 
Loads 
Elements Nodes 
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The outcome of solving these equations is the displacement of each node 
originating from the candidate node at each time step, resulting in the 
displacement of the whole. Each node may represent characteristics of every 
element resulting in changed characteristics of the whole area of the sample. 
These characteristics are from the mechanical behaviour of the material – we 
can understand and quantify this behaviour using FEM.  For linear, isotropic 
materials such as steel, the stress-strain relationship can be illustrated as in Fig.  
A2.3. 
By utilising FEM we can determine this relationship for a material at any point 
within the domain, even with material response-dependent stress-strain 
relationships.  However, if two materials were analysed with different results 
(stress-strain curves) the question of why the curves are different or the 
structural contributor’s reason to such difference cannot be answered using 
FEM.  In order to answer this question we need to have information to micro-
  
  
Fig. A 2.3: the stress-strain relationship for linear, isotropic materials   
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structural properties /mechanism of the material; which may or may not be 
accessible experimentally or via standard microscopic evaluation such as 
Scanning Electron Microscope (SEM) /Transmission Electron Microscopy (TEM).    
A2.2.1.3.2.2 Microscopic responses of materials 
In material science it is important to provide a view of the motion of particles 
when the material is under load. We need a “virtual microscope” with high 
temporal and spatial resolution to record the interactions between particles 
because these interactions can be used to understand the mechanism behind 
the mechanical behaviour of material.  So far no numerical approach or 
experimental technique provides the results of the motion of particles at the 
microscopic level for cartilage. Therefore, as Schlick, [1996] stated, a new model 
that allows insight into the motion of the individual particles in a way that 
cannot be performed in conventional laboratories is required, we need a new 
model for cartilage research.   
The question here is how FEM can play a role in providing a “virtual 
microscope” as discussed above?  Consider Fig 2.2.  After solving the system of 
equations we can obtain the displacement of each node; however, we cannot 
understand what creates this displacement nor understand the interaction 
between these elements during the deformation process. Hence, only macro-
scale characterization is achievable through this method. In addition, in FEM, 
nodes are attached so they cannot move flexibly. Physical laws which are 
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employed for constitutive equations may not be accurate or fully 
representative.  Boundary conditions may not be fully captured and discrete 
point contributions may be impossible to model.  
 
                             Fig. A 2.4: the Mathematician FEM (Felippa, [2003]) 
 
                        Fig. A 2.5: The physical FEM (Felippa, [2003]) 
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Therefore, FEM does not provide the flexibility for probing micro-scale 
mechanism.  The question of whether the displacement of E3, for example, 
influences the displacement of E35 or not at the micro-scale level, cannot be 
answered by FEM (see Fig. A2.2). For example, the question of how fluid 
diffusion is influenced by micro-scale pressure distribution, osmotic activities 
and micro-scale porosity is practically impossible to answer with traditional 
FEM.  Furthermore, FEM depends on physical laws and constitutive 
relationships which usually only describe the macro-scale response of the 
system being considered; while this is adequate for characterization and 
parameteric analysis and appraisal of a complex system like articular cartilage, it 
is grossly insufficient for determining and assessing the micro-mechanisms 
under pinning the variations in parameters and function between healthy and 
degenerate cartilage (Figs. A 2.4 and 2.5).  
In summary, all FEM can do is compute and represent the characteristics of the 
material at any point in the whole domain, but it cannot provide insight into the 
structural and deformation interactions that determine the differences via their 
magnitudes, and other characteristics.  Consequently, a new approach is 
required for computational study of this important tissue.  This will be 
represented more clearly in Section A2.4.   
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A2.2.2 Finite difference method 
A2.2.2.1 Introduction  
Prior to FEM, FDM was used to solve complicated problems in mechanics.  From 
the point of view of mathematics, the finite difference methods are numerical 
methods based on approximating derivatives for the approximate solution of 
differential equations (Rübenkönig, [2006]).  In this method, a domain is 
gridded into finite grid points and displacement vectors are represented by 
discrete displacement values of grid points. Therefore, FDM does not provide 
displacement information at any point within the domain, but rather only at the 
grid points; however, if the grid is smooth enough, the displacement vector of 
grid points can describe the displacement of the whole domain.  For example, in 
a bending plate where the normal displacement   at each grid point is 
unknown.  The differential equations describing the behaviour of the body and 
boundary conditions will be discretized into finite difference form.  Then we 
obtain the system of linear algebraic equations whose roots are the vectors of 
displacement for the grid points.  Based on these displacements we can 
calculate stress and strain at each grid point in the domain (Morton and 
Mayers, [2005]; Rübenkönig, [2006]). 
In order to transform differential equations into finite difference form the 
following steps must be followed.  The principle of FDM, as discussed before, is 
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that derivatives in the partial differential equation are approximated by linear 
combinations of functional values at the grid points.  For example, a bar with 
length   will be divided into   points. Hence, the mesh size will be    
 
 
 and 
the grid points         
The function  , with variable  , will have first-order derivative  
                                           
            
  
 
            
  
                                                                        
 
 
Therefore, at a current point   
Forward difference        
  
  
 
 
  
       
  
                                                                         
Backward difference      
  
  
 
 
  
       
  
                                                                        
Central difference        
  
  
 
 
  
         
   
                                                                           
0                                                                                                                   A 
Fig 2.6: An example of the principle of FDM 
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Based on a Taylor series expansion, we can expand the terms       and       with 
truncation error.  The same method can be applied for second-order derivates 
or mixed derivatives. Based on this kind of approximation we can create a 
system of equations with ‘unknowns’.  The solution for the system provides the 
result, in this instance, the deformation of the bar (Morton and Mayers, [2005], 
Rübenkönig, [2006]).   
A2.2.2.2 FDM for soft tissues 
For the purpose of modelling soft tissues under load, FDM is less popular than 
FEM. However, some researchers have used FDM in order to determine special 
features such as the behaviour of nuclear magnetic resonance signal variations 
caused by water diffusion (Xu et al., [2007]). FDM is also used to discretize the 
time component of the transient response of a system, including cartilage in an 
FEM simulation. Being similar to FEM, FDM has the same limitations as 
discussed above (see Section A2.2.1.3).  
A2.2.3 Finite volume method 
A2.2.3.1 Introduction  
Related to FEM and FDM, FVM is based on the idea of representing and 
evaluating partial differential equations in the form of a system of algebraic 
equations.  A domain is divided into discrete spaces on a meshed geometry and 
values of displacement at each meshed point are calculated.  The difference 
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between FEM, FDM and FVM is that in FVM there is a small volume surrounding 
each node point on the grid (Leveque, [2002]; Toro, [1999]).  
In the FVM the divergence theorem is used to convert volume integrals in a 
partial differential equation that contains a divergence term to surface 
integrals.  These terms are then considered as fluxes at the surfaces of each 
finite volume.  The amount of flux leaving a current volume is identical to the 
amount of flux entering the adjacent volume; therefore, the solution is 
conservative.  This method is very popular for many types of computational 
fluid dynamics’ problem (Eymard, et al., [2000]).  
A2.2.3.2 Application of Finite volume method to soft tissues and its limitation 
Because of the principle of FVM discussed above, FVM is used to model the 
process of information propagation in soft tissues to explain and understand 
how deformation would propagate amid a porous coupled material.  However, 
the fluid and solid components of the matrix have two separate meshes and 
two separate models (Alakija, [2005]).  Even though we can build up the 
interaction between two meshes and combine two models with a single code, 
the interaction between neighbouring elements that includes both 
components, solid and fluid, cannot be represented with FVM.  In addition, 
mathematical equations and physical laws are required in the application of 
FVM so that material property parameters such as Young’s modulus, Poisson 
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ratio and dynamic velocity would be used for the models.  Unfortunately, these 
parameters cannot be determined for each element of cartilage at the 
microscopic level because of the concern of damaging the intact sample; 
therefore, those parameters when applied to FVM are not necessarily 
representative; particularly for nonlinear, anisotropic and heterogeneous soft 
tissue like articular cartilage.  
A2.2.4 Boundary element method  
A2.2.4.1 Conventional Boundary Element Method 
The boundary element method (BEM) is also a numerical computational 
method.  This method is based on the idea of solving a system of integral 
equations (i.e. in boundary integral form) converted from a system of linear 
partial differential equations.  The name of the method proceeds from the fact 
that the method uses the given boundary conditions to fit boundary values into 
the integral equation, rather than values throughout the space defined by a 
partial differential equation.  After fitting these values we can use the integral 
equation once more to calculate numerically the solution at any desired point in 
the domain for the post-processing stage.  The method is widely applied in 
many areas such as fracture mechanics, acoustics, electromagnetics and fluid 
mechanics (Banerjee [1994]; Wrobe and Aliabadi, [2002]; Ang, [2007] and Beer 
et al., [2008]).  
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A2.2.4.2 Application of Boundary Element Method to soft tissues and its 
limitation 
BEM is usually used in soft tissues to model defects where we can use specific 
boundary conditions.  Because only boundary surfaces are tessellated for BEM 
it is less demanding computationally and it represents less heterogeneous and 
anisotropic configurations than FEM and other numerical methods.  Also, there 
is a ‘rule of thumb’ accepted stating two BEM surfaces should not be closer 
than half their mesh triangle size.   Hence, when surfaces are too close 
together, we need to redefine the local mesh (Bénar and Gotman, [2002]).  
 
E1 E2 E3 E4 E5 E6 E7 
E20  E8 
E19 E9 
E18 E10 
E17 E16 E15 E14 E13 E12 E11 
 
 
Another important limitation of BEM is that we cannot build up the interactions 
between elements.  As can be seen in Fig. A2.7, only boundary surfaces are 
meshed, not the whole volume of the domain.  Therefore, it is impossible to 
understand what the interactions are from surface element to surface element 
Fig. A2.7:  A grid of BEM with 20 elements 
Loads 
Elements Nodes 
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or from surface elements to non-surface elements. Therefore, the mechanism 
behind the mechanical response of soft tissues is never understood with BEM. 
A2.2.5 Mesh-free method (MFM) 
A2.2.5.1 MFM, a new method for numerical approaches 
FEM, FDM, FVM and BEM have yielded vast improvements in modelling of 
physical phenomena in a wide range of engineering pursuit.  However, these 
methods need huge human-labour costs for implementation in order to obtain 
appropriate results.  Therefore, the newer method, namely the mesh-free 
method, which does not rely on a grid or mesh, was introduced.  MFM is used 
for solid mechanics as well as fluid dynamics (Liu, [2002]).  
The principle in this method is the assumption that a domain consists of 
particles either Lagrangian or Eulerian; thus, MFM can be used for the purpose 
of simulating the progress of large deformation, moving boundaries, nonlinear, 
heterogeneous and anisotropic behavior of material, and discontinuities and 
singularities in the whole domain. MFM is very helpful, especially for problems 
of large deformation and moving boundaries, while FEM, FDM, FVM and BEM 
are time consuming and may provide incorrect or misleading results from 
frequently adjusting the grid, or the mesh, during the process of loading (Liu, 
[2002]); Belytschko et al., [2004]). 
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A2.2.5.2 Application of the Mesh-free method to soft tissues and its 
limitations 
Numerical methods such as FEM require a complete mesh of either four-node 
(quadrilateral), six-node (triangular) or eight-node (hexahedral) elements for 2-
D elements; ten-node (tetrahedron) or twenty-node (hexahedron) for 3-D 
elements to conform to the geometry.  However, these meshes may be time 
consuming to deal with, especially where irregular geometries are common – 
such as characteristic of soft tissues and other physiological systems.  
Therefore, the mesh-free method is typically employed for these cases (Horton, 
[2007]).  
Even though MFM is helpful for modelling soft tissues it also fails to provide 
information about the mechanism of mechanical behaviour of cartilage.  As can 
 
Fig. A2.8: Discrete unstructured points in MFM. The dots are the single 
integration points 
 
 
Loads 
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be seen in Fig. A2.8, the whole domain is divided into finite discrete and 
unstructured points.  There are no constraint rules between them during the 
calculation process.  Thus, we cannot obtain the interactions between elements 
in order to find out the mechanism of mechanical behaviour of the matrix. 
When physical laws are used, the response of the system would be 
predetermined.  Also, physical laws are applied to all points equally and so it is 
difficult, if not impractical to distinguish adequately for micro-scale behaviour 
between discrete elements.   
A 2.3 Cellular Automaton and virtual clay approach 
From these arguments, it is clear we need a model for articular cartilage that 
can represent and explain the mechanism underlying mechanical response of 
the matrix under load. The cellular automaton model combined with a virtual 
clay model is a possible solution.  
Cellular automaton is used in mathematics, physics, biology and microstructure 
modelling.  The benefit of this solution is the ability to evolve without a defined 
physical law of defined response.  It is a discrete model consisting of a regular 
grid of cells.  Each cell has a current state such as “ON “or “OFF”.  These states 
depend on the group of cells called its ‘neighbourhood’, including the cell itself.  
At time t=0 i.e. the initial state, each cell has a user defined state – generally 0.  
At t=1 a new generation is established based on new states of whole cells.  The 
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state of a cell may change from “ON” into “OFF” or from “OFF” into “ON” that 
relies on some fixed rules involving the neighbourhood cells.  There are the 
three principles related to these fixed rules, those are very important in making 
cellular automaton work well. The three principles are: i) These rules are the 
same for each cell; ii) These rules do not change over time; iii) These rules are 
applied to the whole domain simultaneously (Wiener and Rosenblueth, [1946]; 
Neumann, [1951]). 
Based on cellular automaton, the virtual clay model was created in which the 
main idea was to consider free form deformation as a physical process of 
equalizing the density distribution of the virtual clay in a 3D space.  Each cell has 
its density of virtual clay and the state of each cell, depending on whether the 
density is under or over threshold.  The transportation of clay from a high 
density to a low density portion results in the deformation of the whole domain 
(Takai et al., [1995], Arata, et al., [1999]).  Therefore, a change at the micro-
scale level (i.e. local deformation) results in a change at the macro-scale level 
(i.e. global deformation).  The transition rules and the kinds of neighbourhoods 
such as Margolus, Star of David and Q*Bert, contribute to make the responses 
different from each other. Therefore, we can form many mechanisms of 
response by combining these rules, or by changing their parameters. 
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Articular cartilage with its complex structure is modelled based on cellular 
automaton and the virtual clay principle.  The anisotropy, heterogeneity and 
nonlinearity are represented by elements in the grid with different densities for 
each of the three major components namely collagen, proteoglycans and water.  
The interactions between these elements are observed and obtained using 
various transition rules with various parameters.  Each type of transition rule 
influences the behaviour of the matrix in very differing ways.  
In this thesis, the concept “Mechanism of deformation of articular cartilage” is 
defined through the whole chapter especially in Chapter 2 and 3. Primarily, this 
concept means a set of rules including transition rules, neighbourhood rules, 
rules of threshold, One-Zero altering rules, Active-Inactive cell rules and the 
Moving plate rules.  The combinations and changes of these rules (i.e. the 
processes at the micro-scale level) result in different behaviours of articular 
cartilage at the macro-scale level.  Therefore, we can have each set of rules i.e. 
the mechanism at the micro-scale level that would result in a certain pattern of 
mechanical behaviour at the macro-scale level.       
A2.4 Conclusion 
A fundamental question is posed by this research, namely how and with what 
means can we advance our knowledge of the mechanism (i.e. the set of rules 
discussed above) behind the deformation and degeneration of articular 
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cartilage?  It is practically impossible to study the internal mechanism of 
cartilage deformation and degeneration experimentally. Furthermore, ethical 
reasons make it impossible to obtain enough healthy human tissue to facilitate 
a study of the internal mechanisms responsible for the transmission of healthy 
to diseased cartilage.  Therefore, computational models are developed to avoid 
this ethical issue.  However, current computational models, such as finite 
element models, can only provide physical deformation parameters and their 
characteristics, i.e. the mechanical behaviour of the matrix and not the micro 
mechanism responsible both locally and globally in the deformation of the 
tissue.  With these arguments, the new computational model should be created 
and this was the task in the thesis.   The following section represents basic 
knowledge of cellular automata and their application in industry via some 
physical models.  The usefulness of these models promotes the development in 
this research, i.e. a new model of articular cartilage based on the principle of 
cellular automata.      
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A2. II. Cellular Automata and their applications 
Through reviewing the principles of cellular automata and their applications in 
some physical processes, this section introduces the rationality in using these 
principles to create a model of articular cartilage that addresses the research 
question which forms the core of the thesis. As discussed in Section A2.I of this 
appendix, a new model of articular cartilage is needed that can contribute 
microstructure and events in the analysis and predictions of the mechanical 
behaviour of the cartilage matrix.  Related to this, all the phenomena such as 
“fluid exudation when loaded”,  “osmotic pressure change with change in FCD” , 
“fluid diffusion”, and “ development and decay of hydrostatic excess pore 
pressure”, have their “mechanism” at the micro-scale level.  These 
“mechanisms” can be considered as “images” or “video clips” that may be 
captured using microscopic cameras or camera-recorders.  The problem is that 
we cannot use an “implanted cameras” or “open” an intact sample to observe 
all these processes at a microscopic level.  Such activities will destroy the 
complex and unique structure of articular cartilage and therefore the results 
obtained from these activities cannot be trusted.  So far, many experiments 
have been conducted with intact samples.  The results obtained from these 
experiments can be used to determine the characteristics of articular cartilage 
such as stress-strain relationship, permeability coefficient, diffusion coefficient 
and osmotic pressure at the macro-scale level.   In their turn, these 
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characteristics and coefficients have been used in varying models employing 
methods such as FEM, BEM as discussed in Section I of this Appendix in order to 
predict the mechanical behaviours of the cartilage matrix.  
Obviously, these models with FEM and BEM using the coefficients resulting 
from intact sample experiments cannot provide insight at a micro-scale level.  
What is needed is the tool that can be use to “probe” the matrix without 
“physical touch” to find out what make the matrix behave in one way and not in 
another.  Cellular automata can be the solution to this.  A model based on 
cellular automaton needs two significant factors, namely the neighbourhood 
and the rules, to operate.  The rules that will be discussed more in the next 
section can be considered as the “tool” allowing us to probe the matrix.  As 
discussed in section A2.3, this appendix, mechanism” means “the set of rules”, 
so we can change the rules i.e. change the mechanisms at the micro-scale level 
to see what will happen at the macro-scale level corresponding to the each 
change.  The mechanical behaviour at macro-scale level caused by varying 
mechanisms will be compared to those derived from global experiments to 
evaluate their representative capability.  In this way, different mechanisms will 
be obtained, corresponding to different behaviours of the matrix.  That is also 
the task of this thesis.  
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A2.5 Introduction of cellular automata 
In science, the concept of “field” is usually used by physicists.  The counterpart 
of this concept for the computer scientists who are working on modelling, is 
cellular automaton. This is because of the behaviour of cellular automata: it is 
completely specified in terms of a local relation, much as is the case for a large 
class of continuous dynamical systems defined by partial equations.  
Imagine cellular automata as if they were universes.  Space in these universes is 
created by a regular grid with each cell or site carrying specific information; 
time advances in discrete steps; and the laws are applied universally. The laws 
are expressed by a single recipe that helps each cell compute its new state from 
that of its close neighbours at each step.  Therefore, the laws of the system are 
local and uniform.  The concept of “local” can be explained as that which will 
happen at this place in a moment: only the state of local things is considered, 
no action at a distance is permitted, while “uniform” means that the same laws 
are applied to everything, everywhere (Toffoli and Magorlus, [1987], Chopard 
and Droz, [1998]).  
The disadvantage of a cellular automaton is that the generality and the 
flexibility of the system are achieved at a cost because many variables (one per 
cell) are required for the compiehemrise local and uniform interaction of the 
cells, instead of using only a few variables that may be made to interact in an 
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arbitrarily assigned way.  For the purpose of synthesizing structures of 
significant complexity a large number of cells must be used.  Also, for these 
structures to interact with one another and evolve to a significant extent, a 
large number of steps are required with significant parallel computing resolve.  
In accordance to Toffoli and Magorlus, [1987], the limit of steps is really 
dependant on how much can be done, rather than by how much is wished to be 
done.    
A2.6 The advantages of cellular automata  
This section will try to provide different arguments to prove that cellular 
automata can be useful in modelling articular cartilage. For this thesis, the main 
task is to fundamentally work out the mechanism behind the articular cartilage 
behaviour. Cellular automata are a really efficient means of doing that because 
with very simple rules, cellular automata can exhibit, at a larger scale, complex 
dynamical behaviour (Chopard and Droz, [1998]). Changes of the rules mean 
changing the interaction patterns between the components at the micro-scale 
level leading to changes in deformation of cartilage at the macro-scale level. 
Simple rules, presenting the instinct i.e. behaviour of material can be changed 
easily in automata to achieve many different corresponding patterns of 
behaviours, resulting in the thought that once the mechanism behind a 
behaviour is required, tracking back to see which matching rules of this 
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behaviour is also required.  Using the set of rules, we can probe the inside of 
material without destroying structure that may lead to unrealistic and incorrect 
behaviours.  From that perspective, we can say that cellular automata provide a 
fictitious microscopic environment in which we can reproduce the correct 
physics at a coarse – grained scale.   
Cellular automata—dynamical systems 
Dynamic systems are studied in many areas such as fluid flow, population 
genetics, and ecology.  In these fields, the major interest of researchers is to 
model the change in behaviour of a system over time (and space).  In order to 
govern the time evolution of physical processing, nonlinear partial differential 
equations are employed; therefore, solution of these systems can be very 
complex.  In other words, a chaotic behaviour may occur as the result of the 
sensitivities of these equations to the initial conditions.  Cellular automata, with 
global features, are fantastic dynamic systems in which space and time are 
discrete entities (Schiff, [2008]). Therefore, for dynamic systems, models based 
on cellular automata could be a good idea because they can provide an 
alternative approach to study the behaviour of dynamic systems.  Because of 
their simplicity, it is easier to analyse these models than continuous dynamical 
systems.  Also, exact results can be obtained as the numerical studies are free 
of rounding approximation (Chopard and Droz, [1998]). 
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The cellular automaton rules:  The cellular automaton rules are very important 
factors for a cellular automaton.  The rule can be used to predict the system’s 
properties, or the rule can be changed to obtain more properties. In other 
words, as discussed earlier, “the rules” are the tools that help to probe the 
matrix without destroying samples. For example, for cartilage, the processes 
such as diffusion, percolation and exudation can be controlled by changing the 
rules or parameters of the rules.  The next example can provide the basis view 
of the rules in cellular automata.  
A simple 1D example: 
Each cell has only two possible states.  These states depend on only the nearest 
neighbour cells.  According to (Wolfram, [1983]), at a given time t, each cell    
has two possible states      or 1.  The state    at the next step (at time      
) depends only on the triplet,      ,     and       at the previous step (at time t) 
                                                                                                        
There are eight cases of combination of 0 and 1 for each triplet as show below 
000, 001, 010, 011, 100, 101, 110, 111 
For example 
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Given a rule and an initial state the next states of the system can be 
determined.  According to their behaviour, the different rules can be grouped in 
four different classes: class 1, class 2, class 3 and class 4 (Chopard and Droz, 
[1998]).   These rules, even though very simple, can provide very complex 
behaviours.  For example, the “toy rules” considered by Wolfram, although very 
simple in construction, are capable of very complex behaviour.  Beside this, the 
number of possible rules depends on the number of different states   and the 
number of neighbours  .  Therefore, more complicated rules can be generated 
as long as they involve the number of   and the number of   .  In this case, the 
number of possible rules is   
    
.  Although the number of rules may be very 
large, these different rules can be classified in one of the four above classes.  
Many of the class 4 cellular automata in class 4 (starting with        ) have 
0 
0 
0 
0 
1 
1 
1 
1 
 
0 
0 
1 
1 
0 
0 
1 
1 
 
0 
1 
0 
1 
0 
1 
0 
1 
 
0 
1 
1 
1 
1 
1 
1 
0 
 
                                                       
Table A 2.1: The eight cases of combination of 0 and 1 
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the property of computational universality and as such, the system can be used 
as a general purpose computer.  Thus, it is capable of evaluating any 
computable function.  As will be shown later, some of these simple rules are 
closely related to real physical systems. (Chopard and Droz, [1998]).  
Cellular automata – fictitious microscopic worlds 
According to statistical mechanics, if we have a system, the complexity of which 
comes from a collective behaviour rather than from some distinctive aspects of 
the microscopic interactions in this system, the fact that the simplification of 
the microscopic laws pertaining to a given phenomena is not relevant at a 
macroscopic scale of observation, is often true.  In fact, many systems have 
macroscopic behaviour that has little to do with true microscopic nature. From 
this, it is a clear advantage to invent a much simpler microscopic reality, which 
is more appropriate to our numerical means of investigation.  The important 
and relevant factors of real phenomena are considered and then put into 
cellular automata as fundamental physical laws.  This makes cellular automata 
reflect the real world in a flexible way.  Cellular automata can provide models of 
systems at a micro-scale level. These models have advantages that traditional 
approaches cannot offer. For example, with the interpretation in terms of 
simple microscopic rules, cellular automata can provide a very intuitive and 
powerful tool to model boundary conditions in which a natural interpretation at 
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this level of description is implemented (e.g. particle bouncing back from 
obstacle).  Compared to this, a traditional method, such as the use of 
differential equations, cannot perform as well as cellular automaton does 
(Toffoli and Magorlus, [1987], Chopard and Droz, [1998]).  
The design of correct cellular automata consists of two important steps: 
recognising the essential aspects of complex phenomena, then reducing them 
to a simple tractable form.  In any research, it is essential to reduce a complex 
response to the sum of simpler mechanisms. A cellular automaton model is a 
good solution for that and therefore it could be a powerful tool for scientists in 
their areas.  Another advantage of a cellular automata model is that it is well 
suited to massive computer simulations relying on the simplicity of many simple 
rules.  Also, the numerical stabilities and the Boolcan nature of the operations 
are the other advantages of cellular automata.  Finally, the many particles’ 
correlation functions are not corrupted by the numerical scheme, which is the 
advantage for cellular automata (Chopard and Droz, [1998]).  
There are some more reasons why cellular automata is helpful in physics and 
engineering, but for in this research, the two reasons above are enough to 
conclude that cellular automata is a good solution for finding out the 
mechanisms behind the mechanical responses. In order to understand more 
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about how to apply cellular automata into modelling the deformation process, 
we will continue to study more about some rules and applied models below.   
A2.7 Rules and Models 
These rules have been invented by researchers, especially mathematicians. 
Based on cellular automata principles and using these rules, many models have 
been developed to simulate many varying phenomena in nature. Some of these 
rules have also been applied to develop related models by other scientists.  As 
discussed in Section A2.6, for articular cartilage in this thesis, the set of rules 
including the rules such as transition rules, neighbourhood rules, rule of 
threshold, One-Zero altering rule, Active-Inactive cell rule and the Moving plate 
rule that are introduced in the later chapters 6, can be understood as “the 
mechanism” in cartilage deformation. The combinations and the changes of 
these rules (i.e. the pattern of physical process right up to the micros-scale 
level) lead to the better predictions of its deformations or macromechanical 
behaviour. But first, we review some rules used in the well-known models. 
A2.7.1 One Dimensional Cellular Automata 
Wolfram [1983] introduced a series of codes used for one-dimensional cellular 
automaton rules. In Wolfram [2002], these codes were explained more 
explicitly. The rules coded from 1 to 256 are the “elementary” rules and were 
the first ones he studied. In fact these rules based on the observation that a 
Appendix 2      Numerical techniques and application to cartilage modelling 
 
366 
 
table determining the new state of each cell in the automaton.  Therefore, 
these rules work as a function of a cell’s states in its neighbourhood. Here we 
introduce Rule 184 that can be used as a simple model for traffic flow.  
A2.7.1.1 Rule 184 and a model for surface growth 
Rule 184 is a one-dimensional binary cellular automaton rule, being used to 
describe particle systems.  Li, [1987] is one of the earliest researchers to use this 
rule.  At the same time,   Krug and Spohn, [1988] also described the three 
models of a particle system using Rule 184.   These three models are 
summarised below. 
Model of traffic flow: In this model, each vehicle is represented by a particle 
that moves in a single direction.  This particle moves or stops, depending on the 
particles in front of it.  The total number of initial particles remains during the 
process of simulation.  
Model of deposition of particles onto an irregular surface:  In this model, local 
regions of minimum surface areas are filled with particles one at a time on the 
surface in each step.  Therefore, the number of particles increases during the 
process of simulation.  These particles never move (Krug and Spohn [1988]). 
Model of ballistic annihilation:  In this model, particles move both left and right 
through a one-dimensional medium.  The number of particles will remain 
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unchanged or decreases because of the rule that when two particles meet each 
other, they both will be destroyed.   
The third model is an important mechanism of surface growth.  Krug and Spohn, 
[1988] studied the following simple lattice model.  Consider a one-dimensional 
surface configuration parallel to the x axis of a square lattice.  The system 
consists of coordinates (X, Y) in which a square lattice is set up.  Particles move 
on a straight line along the Y axis until they reach the empty nearest neighbour 
of an occupied site. At this time, these particles will become part of the deposit.  
There are two positions that an incoming particle may stick to, the side edge 
(with a rate   ) and the top edge of an existing column (with a rate   ).  Both 
limits,           and the opposite one,      are considered.  The 
following simple form was used to represent the interface dynamics for all 
sites  , with simultaneous updating.   
                                                                                                       
where       denotes the height of the surface at site   and time  . 
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Therefore, the model “deposition” has a slightly modified version that can be 
considered on a one-dimensional surface parallel to the (1, 1) direction of the 
square lattice.  The particle can only stick at the minima of the surface (see Fig. 
A2.9). Thus the surface configurations have a local gradient     .  The simple 
dynamics of the particles can be understood as with rate 1, these particles jump 
to the right when the final site is occupied, where they remain.  Obviously, using 
Wolfram’s rule 184 as a local rule for cellular automata, we can update the 
configuration at time   into configuration at time    .  However, the 
disadvantage of this model is that the surface at the final state is not correct 
because the approach to this state has a rich space-time structure leading to an 
incorrect interpretation (Chopard and Droz, [1998]) 
 
 
Fig. A 2.9: Deterministic growth from a rough surface parallel to the (1, 
1) direction (Chopard and Droz, [1998]). 
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A2.7.1.2 The ant rule and the model of simulating the behaviour of ants 
This rule, invented by Langton, [1986], is a cellular automaton with a very 
simple set of rules but it can model the complicated behaviour of a hypothetical 
animal.  The author was attempting to understand the large–scale regularity in 
complex system.  The particle (ant) moves on a square lattice of black and white 
cells.  The rule is such that: when the ant enters a white cell,  it turns 90o left, 
makes the cell black and moves forward one cell while if it enters a black cell it 
turns 90o right, making the cell white and then moves forward one cell.   
Although this rule is simple, the motion of this ant leads to a surprisingly 
complex behavior.  For example, the ant starts in a completely white place, in 
the initial step, the behavior looks apparently chaotic, but after about 10 000 
steps, the ant starts building a very regular motion which brings it far away from 
where it stated.   
Consider Fig. A2.10 at steps about 10 000, the ant starts to escape the chaotic 
region and create the path called a highway (Propp, [1994]).  The pattern of this 
“highway” consists of 104 steps that repeat indefinitely.   
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The Langton’s ant rule is good example of a cellular automaton which proves 
that while a rule might be very simple, it can generate a complex behaviour that 
is unimaginable or unachievable by mathematical laws alone. This again 
indicates that we may know about the characteristics of the system but we will 
not know the mechanism behind these characteristics.   By understanding these 
mechanisms through these simple rules, we can explain macroscopic 
behaviours of the system.  
 
 
 
      t= 6900                       t= 10431                                      t=12000 
Fig. A 2.10:   Langton’s ant rule.  From t=0 to about t=10000, the motion of a single ant is 
in a chaotic phase (Chopard and Droz, [1998]).  
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A2.7.2 Two Dimensional cellular automata 
A2.7.2.1 The sand pile rule 
Many papers related to granular material have been published recently 
(Rajechenbach et al., [1995], Gyuon and Troadec, [1994], Jaeger and Nagel 
[1992] and Wolf et al., [1996]).  Cellular automata again, with their simple rules, 
can model basic pilling and toppling of particle like sand grains.  In fact, real 
sand grains can stand on top of the others depending on the shapes of the 
other grains, as long as they are in a stable condition.  Even though these real 
sand grains cannot stand on regular lattice, we can decide which one will fall 
and which one can remain in their position depending on the simple rules. 
Under this rule, a grain remains unchanged in its position if there is a grain 
underneath and two other grains on its two sides.  The three grains prevent it 
from falling to the left or right, (see Fig. A2.11). According to the Moore 
neighbourhood, the three particles should occupy south-west, south and south-
east positions of these grains if we consider that the central particle is the 
unchanged one.  The sand grain will fall to the left or right or down if it is a 
nearest empty cell (see Fig. A2.12). 
However, the Moore neighbourhood is not robust enough to prevent conflict 
between the two top grains that might attempt to move to the same place (see 
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Fig. A2.12).   Therefore, we need a larger neighbourhood and a more 
complicated rule to deal with the synchronous motion of all particles. The 
Margolus neighbourhood rule provides a possible resolution of this problem. 
This neighbourhood rule presents the concept of “block” with each block 
consisting of 4 cells (2x2).  The relationships within and between adjacent 
blocks defines the states of grains.   Odd blocks and even blocks are determined 
by odd and even grids, in which an even grid is an odd grid that is shifted one 
cell down and one cell left, so that, after two iterations, each cell sees a larger 
 
Fig. A 2.11: A stable sand of grains (Chopard and Droz, [1998]). 
 
Fig. A 2.12: A conflict of motion results from the use of the Moore 
neighbourhood.  Both grey particles want to engage the same place (Chopard and 
Droz, [1998]). 
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neighbourhood. In this thesis, the Margolus neighbourhood rule is applied for 
articular cartilage structure, thus we introduce this rule explicitly in Chapter 2. 
Consider Fig. A 2.13.  The examples are all possible cases of the sand rule.  
However, it is easy to see that the case of two particles in the upper part of a 
block and no grain in the lower part is not presented here (among 8 cases in Fig. 
A2.13), even though this case certainly yields some toppling.   
Using a probabilistic rule for studying this case may lead to producing a more 
 
Fig. A 2.13: The sand rule expressed for the Margolus neighbourhood (Chopard and 
Droz, [1998]). 
 
Fig. A 2.14: The sand rule allows for blocking (friction) with probability p when two 
grains occupy the upper part of a Margolus block (Chopard and Droz, [1998]). 
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realistic behaviour.  Consider Fig. A2.14, that is the rule of evolution.  A 
probabilistic topping is helpful in this example because friction between grains 
and some “arches” can be used to explain any delayed collapse.  A random 
choice also can control the toppling of other cases.  
The following algebraic relations can be used to express the sands rule. For the 
current generation, namely    ,    ,     and    , the states are “upper-left”, 
“upper-right”, “lower-left”, “lower-right” respectively (Fig. A2.15). The state of 
these positions at the next generation t+1 will be determined by the following 
equations: 
                                                                                                  
                                                                                                   
                                                                                       
                                                                                     
According to Equation (A2.17)       at (t+1) will be zero (falling) if       (no 
particle at lower-left) or           (There are no particles at upper-right 
and lower-right).        (No falling) if            (there are two grains at 
lower-left and lower-right) or           (there are two grains at upper-right 
and lower-left). The same argument will be used to explain the other equation. 
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The concept of “ground” will be used to make the rule more complex and more 
interesting. If   is the ground in the state of each cell that will keep a grain 
remaining unchanged for ever (no more falling). Once     , of course   will 
not evolve during the process of updating, and we can modify the above 
equations by taking into account the role of  . 
                                                                             
                                                                           
It means that          will be “one” (never falling) if       (ground). The 
same rule for           will be applied.  
For the last two equations, we have: 
                                                                 
                                                               
UL UR 
LL LR 
Fig. A 2.15: The relative position of Upper-Left (UL), Upper-
Right (UR), Lower-Left (LL) and Lower-Right (LR) 
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In this instance, nothing happens to the lower cells               and  
             when the upper cells stand on the ground           
Fig. A2.16 illustrated the result of this rule.  An angle of repose of 45 degrees 
(slope for which a pile is stable and no avalanche occurs) proves that from the 
rule we can obtain the behaviour of the lattice structure. In other words, we 
can understand the mechanism behind the behaviour of the material via a 
simple rule.  More and more cellular automata are applied to model complex 
phenomena such as snow and sand transport by wind.  These models were 
developed by Károlyi and Kertész [1994] with many interesting additional 
properties.  We can see that for discovering the mechanism behind the physical 
 
t=20         t=100              t=4200       t=4800 
Fig. A 2.16: Evolution of the sand rule for an hour-glass simulation (Chopard and Droz, 
[1998]). 
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processes, automata can be used very flexibly and smartly in order to provide 
an understanding of the microscopic responses of a given complex system.   
A2.7.2.2 The Death – Birth rule and the game of “life” 
In 1970, John Conway, an English mathematician introduced the “Game of Life” 
which is known as an example of a cellular automaton.  “Game of Life” which is 
also known as LIFE describes a population of stylized organisms.  This 
population develops depending on time under the effect of counteracting 
propagation and extinction tendencies.  Every individual i.e., cell of this 
population has its own state, namely “1” state or “0” state depending on 
whether the space is empty or not.  Each cell is surrounded by eight nearest 
cells and at every step, each cell assumes a new state by responding to the state 
of its eight nearest neighbours-according to the following rules: 
Death: a live cell will still be alive only when it has 2 or 3 live neighbour cells; 
otherwise, it will feel either ‘overcrowded ‘  or ’too lonely’ and it will become to 
a dead cell.  
Birth:  a dead cell will become a live cell when it is surrounded by exactly three 
live neighbours.  Thus birth is included by the meeting of three ‘parents’. 
A dead cell (blue cell) is surrounded by only one live cell. So that the next time it 
will still remain dead. The question marks in the other cells indicate that these 
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cells have their own eight nearest neighbours and will have state “0” or “1” 
depending on these neighbours (Fig. A2.17). 
 
 
   
 
There are many variants of Conway’s original set of rules, as well as using other 
lattice such as triangular or hexagonal ones or considering “The Game of Life” in 
other dimensions, but none seem to offer the richness and diversity of the 
original game.  
Since Conway’s original set of rules was invented, many variants of it have been 
developed.  Beside this, other lattices such as triangular or hexagonal ones and 
other dimensions also were proposed.  However, the richness and diversity of 
the original game seems not to be surpassed.  So that for more complex and 
more interesting problems, the concept of “periodic boundary conditions” 
(“wrap”) was introduced in which the game of Life evolves on a lattice.  With 
“wrap”, cells on the extreme left and right are considered neighbours and cells 
at the extreme top and bottom of the lattice are also to be considered 
neighbours (Schiff, [2008]).  A continuous loop will be made if we use “wrap” 
1 0 0 
0 0 0 
0 0 0 
? ? 0 
? ? ? 
? ? ? 
Fig. A 2.17: Dead and alive cells in “Game of life” 
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for a one-dimensional case while and a torus will appear if “wrap” is used for a 
two-dimensional case.  
Packard and Wolfram, [1985] found that just only “trivial variants of Life “are 
the examples for two-dimensional class IV cellular automata.  Even though 
when the updating of cells is asynchronous ( Schiff, [2008]) , the Game of Life  
no longer exhibits class IV behaviour but instead converges to a stationary state 
(Bersini and Detour, [1994]), and as such it is a good example of a class IV 
automaton.  
The state of the central cell for the next generation not only depends on the 
prior state of itself but also depends on the sum of the value of the eight 
neighbouring cells.  Therefore “The game of Life” is also a good example of an 
“outer totalistic” rule.  The following table represents the preceding rules for 
the Game of Life.             
                           
Sum 
0 1 2 3 4 5 6 7 8 
          0 0 0 1 0 0 0 0 0 
          0 0 1 1 0 0 0 0 0 
 
                                   Table A.2.2: The preceding rules for the Game of Life                                       
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As described in the table, the state of the central cell at the next generation 
(            will be either 0 or 1 depending on both the state of the central cell 
at the current state            and the sum of the states of the eight 
neighbouring cells. For instance, if             , and      , then         , 
if            and     , then           . 
The rules were very carefully considered by Conway, therefore there is an 
excellent balance between having patterns that die out quickly and those that 
continue to grow.  However, Conway’s conjectures about initial collection of live 
cells were rejected by Schiff, [2008].   
More and more models and rules can be found in cellular automata books such 
as Toffoli and Margolus, [1987]; Chopard and Droz, [1998]; Wolfram, [2002]; 
Schiff, [2008] and Adamatzky et al., [2008].  
A2.7.3 Three Dimensional cellular automata  
A2.7.3.1 The diffusion model and its rules  
The diffusion equation has been used to model the dispersion of heat or of a 
chemical substance into another for a long time.    
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where   is distance and   time. These are the factors of region and time 
respectively of the archived amount           of the dispersing substance.   
The constant c depends on the medium. However, the disadvantage of this 
solution is that as long as     and    , we can achieve the amount of  . 
This means at any given time, and at any given distance, there is some quantity 
of heat or of a chemical substance.   The cellular automaton modelling this 
phenomenon (Schiff, [2008], section 5.5.1) can correct this problem and bring 
the results of modelling closer to reality.  
Similar to the other models based on cellular automaton, the rules invented by 
Schiff, [2008] are quite simple. They are based on the actual diffusion of sugar 
in water with the principle that particles of sugar exchange places with parcels 
of water.  Schiff, [2008] used the vertical strips of cell (blue colour) to represent 
100 rows of the solid substance (sugar).  This substance will diffuse into the 
surrounding medium of water.  Considering a row at a given time, a cell was 
chosen randomly and a swap of content with the adjacent cell to its left was 
performed.  Then the process continues for each of 100 rows and it is counted 
as the first time step. For the second time step, the process is started again with 
the first row and a randomly chosen cell but this time, the swap is carried out 
with the adjacent cell to the right, then again, this procedure is performed for 
each of the rows. The third time step is similar to the first time step with 
swapping of the content of a random cell in each of the rows with the adjacent 
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cell to the left while the fourth time step is similar to the second time step with 
the adjacent cell to the right.  The rules are applied to all odd steps (1, 3, 5…) 
and even steps (2, 4, 6…).   If two cells have the same contents, of course 
nothing changes in the results.  The results can be seen in Fig. A2.18. 
 
A2.7.3.2 The virtual clay rule and the virtual clay model 
The most relevant application of cellular automata to the research reported in 
this thesis is the virtual clay model.   As discussed above, a model operated and 
based on cellular automata needs two significant factors, the neighbourhood 
and the rules.   Because of the importance of the rules and the principles of the 
virtual clay model, the details of the model will be presented in a separate 
 
Fig. A 2.18: The diffusion of a solid substance after 100, 1000, 
5000 and 10,000 steps (Schiff, [2008]) 
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chapter (Chapter 05).  In the virtual clay model, the Margolus neighbourhood 
rule was employed, therefore we will discuss this neighbourhood and present 
the reason why the Margolus neighbourhood rule is the best one to apply for 
articular cartilage structure in Chapters 2 and 3. 
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Appendix 3                Introduction of some common neighbourhoods  
There are three fundamental features of a cellular automaton namely, i) 
Uniformity: all cell states are updated by the same set of rules; ii) Synchronicity: 
all cell states are updates simultaneously; and iii) Locality: the rules are local in 
nature; (Schiff, [2008]).  According to above features, a rule of cellular automata 
is applied to each cell at the local level.  Each cell (i.e. central cell) will update its 
state depending not only on its current state but also on the state of the cells in 
its vicinity.  These cells that make an influence on the central cell’s updating 
state are called neighbouring cells and these neighbouring cells create the 
spatial region that is referred to as the neighbourhood.  The size of the 
neighbourhood is not restricted as long as it is the same for all cells (Schiff, 
[2008]).  However, in fact only adjacent cells are used to make up the 
neighbourhood because if we take too many cells into the neighbourhood, a 
more complex rule that would be too difficult to implement and hence 
unacceptable in the context of wanting cellular automata modelling to rely on 
operations by the cells might result (Chopard and Droz [1998] 
In this section, several neighbourhoods are introduced and then the best one 
for the articular cartilage structure is identified. 
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A3.1 The von Neumann neighbourhood 
 
 
 
 
 
 
The neighbourhood is named after John von Neumann, who used it for his 
pioneering cellular automata including the Universal Constructor. 
For two-dimensional cellular automata  
The central cell (blue one in Fig. A3.1) is surrounded by four cells called north, 
west, south and east.  
As discussed above, the size of the neighbourhood can be increased. A 
collection of possible neighbourhood under this rule is presented in Fig. A3.2. 
 
Fig. A3.1: The von Neumann neighbourhood 
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The mathematical equivalent of the rule established in the neighbourhood 
which is dependent on the range   is, 
                                                                                            
  
Where         is central cell,       the neighbourhood, and   range.  The 
number of cells belonging to the neighbourhood can be calculated based on the 
equation                                                                                                     
For example, if      then     or if      then        
For three-dimensional cellular automata, this neighbourhood consist of six 
octahedral cells.  For example, for      , beside four cells called north, west, 
                     
Fig. A 3.2: The four ranges of the von Neumann neighbourhood 
([7]) 
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south and east, we have two more cells called upper and lower (Gray, [2003]; 
[8]).    
A3.2 The Moore neighbourhood 
This neighbourhood is named after Edward F. Moore, one of the pioneers of 
cellular automata theory.  
For two dimensional cellular automata, the Moore neighbourhood contains 
nine cells including central cell, north, west, south, east and then north-east, 
north-west, south-east and south-west (Fig. A3.3) 
Fig. A3.4 illustrates the two ranges of this neighbourhood.  With      , the 
central cell is surrounded by eight cells. Similarly, we can increase the number 
                        Domain                                                         Co-Domain 
                     ->        
                               Fig. A 3.3: Domain and co-domain of The Moore neighbourhood 
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of cells of the neighbourhood with     
The Moore neighbourhood can also be extended to cellular automata in higher 
dimensions.  For example, in three-dimensional cellular automata, range    , 
there are 27 cells making the cubical neighbourhood including a given cell. The 
number of cells in the Moore neighbourhood of a single cell in an n-dimensional 
cellular automaton is 3n-1 (Gray, [2003]; [9]).  
The Moore neighbourhood is used in Conway’s Game of Life and all Life-like 
cellular automata. It is not suitable for simulating complex processes occurring 
inside complex systems such as biological tissues.  
 
a)                             b)      
Fig. A 3.4: The two ranges of the Moore neighbourhood 
a) r=1,  b) r=2 
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A3.3 The Star of David neighbourhood 
The Star of David neighbourhood is an isometric neighbourhood often used by 
those implementing two-dimensional lattice gasses.  
For two-dimensional cellular automata, unlike the Moore neighbourhood and 
the von Neumann neighbourhood, the Start of David neighbourhood consists of 
hexagonal blocks.   Each hexagonal block is divided into six triangular cells.  The 
neighbourhood consists of the central block (hexagonal block, the blue one) and 
six triangular cells surrounding it making a shape of a six-pointed star (See Fig. 
A3.5) [10]. 
Similarly, we can increase the number of cells that belong to the 
neighbourhood.  For example, in range    , we have 24 triangular cells in the 
                      Domain      
   
                     
 
 
                  Co domain 
 
Fig. A 3.5: The Star of David neighbourhood 
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centre and 12 triangular cells surrounding. 
For higher dimensional cellular automata, for example, with    , the three 
dimensional neighbourhood will have six triangular cells in the centre , six 
triangular cells surrounding in the same plan, and twelve upper triangular cells 
and twelve lower triangular cells [10].  
This neighbourhood is used in The "FHP" Lattice Gas (named after Frisch, 
Hasslacher and Pomeau), the very well-known automaton.  This automaton was 
developed to simulate the Navier-Stokes equations for fluid flow at the 
macroscopic level, and has been reported to be more representative in this 
context than the rectangular neighbourhood. However, it is awkward in 
construction. In the automata modelling lattice gas, the triangular lattice is the 
prefer one.  In this lattice, particles are represented as arrows pointing along 
the lines from the nodes.  This representation disguises what constitutes a cell 
and hides the hexagonal nature of the automaton.  Another form of 
representation of this neighbourhood is used in models requiring rules for 
colliding cells.  These rules are non-deterministic in the case of a head-on 
collision between two particles.  In this case, we need another “layer” to act as 
an invertible random number generator for the process, if it needs to keep true 
invertability.  Despite obvious differences, the two forms are the same [10]. 
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A virtue of this neighbourhood compared to the Q*Bert neighbourhood and the 
Margolus neighbourhood is that it has the same lattice and the same operation 
for every step.  However, for systems such as articular cartilage, we need the 
neighbourhood that can simulate more closely the chemical and mechanical 
processes that occur inside this complex structure. 
A3.4 The Q*Bert neighbourhood 
For two-dimensional cellular automata, this neighbourhood includes the 
operation and the virtues that are very similarly to the Margolus 
neighbourhood.  The neighbourhood consists of hexagonal blocks. Each block 
comprises three cells as can be seen in Fig. A3.6. The protocol for dividing the 
a) Odd mesh                 b) Even mesh 
Fig. A 3.6: The two meshes of the Q*Bert neighbourhood 
 
 
 
Appendix 3                Introduction of some common neighbourhoods  
 
392 
 
domain into blocks is changed at each step alternatively using two hexagonal 
meshes.  
The Q*Bert neighbourhood typically needs three cell to make a block, while the 
Star of David neighbourhood needs six and the Margolus neighbourhood needs 
four in two-dimensional cellular automata [11]. 
However, Q*Bert-based systems requires more cells for some tasks than the 
equivalent that of the Margolus neighbourhood. For the work in this thesis 
which involves performing computations, the use of the Q*Bert requires much 
more time computing the equivalent of transporting signals from one point to 
another [11] and is therefore uneconomical.  The advantage of the Margolus 
neighbourhood that are smaller size and higher update frequency, are the 
reason for choosing this rule in the innovation proposed for in-silico 
representation of articular cartilage, its deformation and physiological function.  
A3.5 The Margolus neighbourhood 
This neighbourhood is introduced in Chapters 2 and 3.  It has been used in: i) an 
implementation of the HPP (Hardy, Pazzis, Pomeau) lattice gas, related to  
circular wave propagation and approximately obeys the Navier-
Stokes equations; ii) a model of diffusion processes, with a stochastic rule; iii) a 
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model capable of universal computation, inspired by Edward Fredkin's billiard-
ball model[12].  
Random walk 
Pearson, [1905] introduced the term ‘random walk’.  A random walk consists of 
taking successive random steps.  These steps make a trajectory that can be 
expressed by mathematical formalism.  Random walk analysis can be applied to 
computer science, physics, particularly for modeling complex time-dependent 
random processes. For example, we can use random walk to study a molecule 
as it travels in an environment such as a liquid or a gas.  
In a cellular automaton we also can use this for the motion of particles. The 
principle for simulation of the travelling of a particle from one point to the 
other involves making a copy of it in the new position and erasing it from the 
old.  These two actions must be considered as the two halves of an indivisible 
operation even though they can be performed at two different places. By doing 
it this way, particles can multiply or vanish.  Therefore, the operation must be 
carefully coordinated, as proposed in section 9.1 (Toffoli and Margolus [1987]).  
Random walk can be useful for resolving complexity because the decision to 
move or not to move, or to go in one direction or the other, is taken by the 
particle on the spur of the moment, so that nobody can predict explicitly the 
behaviour of the entity. 
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For example, consider small particles of ink suspended in water.  These particles 
will have continual and irregular motion resulting from innumerable collisions 
with the water molecules (i.e. thermal agitation).  Therefore, random walk 
would be suitable for approximating the behaviour of an individual ink particle, 
so that at each step, the particle moves or does not move, or goes to left or 
right depending on the outcome of a coin toss.  
A random shuffle 
Brownian motion is the assumable random movement of particles suspended in 
a fluid such as a liquid or a gas. It is the simplest one of the continuous-
time stochastic (or probabilistic) processes, and it is a limit of both simpler and 
more complicated stochastic processes (Chandrasekhar, [1943]).  Since its time 
derivative is everywhere infinite, Brownian motion is an idealised 
approximation to actual random physical processes, which always have a finite 
time scale (Einstein, [1956]).  
Simply, in Brownian motion, particles travel in an environment of substances, 
not in a vacuum. The environment consists of ink and water and both of them 
exist everywhere.  When a particle moves, it exchanges places with some water 
or with another particle if there is one next to it.  
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Appendix 4                           The consolidation of articular cartilage 
This section represents the consolidation, one of the very important physical 
processes in articular cartilage.  This process has been observed many times in 
laboratories, but in this thesis, it will be performed with the in-silico model of 
articular cartilage.    
A4.1 Theory of classical consolidation and its application in articular cartilage 
A4.1.1 Background 
The mechanical properties of material such as stress-strain relationship, Young’s 
modulus, Poisson’s ratio and tensile strength are the most common 
characteristics in defining an object.   For example, once external load is applied 
to material, strain occurs.  In some kinds of material, this stress-strain 
relationship changes depending on time and this is called real-time deformation.   
Other properties such as Young’s modulus (i.e. modulus of elasticity) and 
Poisson’s ratio are the constants contributing to defining a material:  With the 
load known, using the theory of elasticity, we can compute stresses, 
displacements and therefore strains at any point in the matrix.  This computing 
is only accurate for easy and simple elastic problems. However, in fact, there 
are many kinds of materials that have special structures such as composite.  
That kind of material consists of some components that make up a non-linear 
heterogeneous and anisotropic structural system.  Soft tissues such as articular 
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cartilage containing mainly collagen meshwork, proteoglycans and significant 
amount of mobile fluid are examples of materials that require complex stress-
strain and stress-strain time relationships to analyse. It is an extremely difficult 
task to develop a general theory to solve such problems even though for some 
time now, many theories such as Poroelasticity theory (Biot, [1956a], Biot, 
[1956b] and Biot, [1957]); Mixture theory (Mow et al., [1980] and Frijns [2000]) 
have been developed to address this.  This section introduces some behaviours 
of articular cartilage that have been developed to describe the tissue. 
A4.1.2 One –dimensional compression of a porous material 
Darcy’s law should be a good means to describe the volume change as below                                                                                                                   
                                                    
 
  
 
  
  
                                                        
where   is fluid exudation velocity that depends on the structure of the matrix 
and rate of interlayer diffusion.  It is also related to the total cross-sectional 
area of the matrix. 
   is hydraulic gradient  
  is the permeability coefficient  
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  is the negative change in the internal matrix pressure through the depth z of 
the matrix  
   is the bulk density of the interstitial fluid.  
The porosity of the media determines the rigidity in the solid component.  The 
rigidity in turn influences directly the degree of compressibility of the porous 
media.  Generally, the higher the porosity of the material, the more 
compressible its structure is.  In the next section we introduce the well-known 
process used in porous materials such as articular cartilage.  This process 
consists of simultaneous phenomena of slow escape of water and gradual 
compression of the solid.  This is called consolidation and is expected to be 
accompanied by an internal variation of fluid pressure. 
A4.1.3 Mechanics of consolidation 
When stress is applied to a porous medium the process of consolidation occurs.  
This process consists of solid particles packing together more tightly and the 
matrix reducing its bulk volume. Simultaneously, the fluid phase that exits fully 
inside the voids of the solid phase is squeezed out of these voids.  Terzaghi, 
[1943] was the first person that used an oedometer test to formulate a simple 
mechanism to determine the compression index of soils.  From that test and its 
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results, we can explain the principle of consolidation and predict the amount of 
consolidation.   
The material in which consolidation can happen is a medium consisting of water 
filled porous material such as soils or clays.  Oloyede and Broom, [1991] 
idealised the mechanism of the process as following. The whole matrix can be 
illustrated as a container that is covered by a porous cover.  This cover has holes 
that can be opened and closed as described below.  At first, when the container 
is filled completely with water, there is no water moving out (Fig. A4.1a).  Under 
compression, in the initial stage, water still remains in the container.  At this 
time, only the fluid phase resists the applied load, being incompressible.  The 
Fig. A4.1: The idealized scheme for 1-D consolidation (Oloyede and Broom, [1991]) 
a 
P 
b c 
P fw fw 
e 
P 
d 
P fw fw 
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excess pore water pressure is developed while the elastic spring is not 
deformed in this stage (Fig. A4.1b).   This hydrostatic pressure corresponds to 
the maximum or initial hydrostatic excess pore pressure.  The hydrodynamic 
lag-time is taken to reach this maximum value of pressure.  By attaining the 
maximum pressure, the system change to the next step in which progressive 
water starts to drain out of the matrix.  In Figs A4.1c and A4.1d this is 
represented by the opened hole in the porous cover.  The elastic spring (i.e. 
solid phase) bears the load from the fluid phase and it is deformed to be 
shortened.  The theory of consolidation states that the elastic spring will not be 
compressed until the system has been attained and enough amounts of water 
are exuding from the matrix to facilitate stress-sharing by this solid component.  
Fig. A4.1e illustrates that the stage of consolidation is completed and the stress 
now can be resisted only by the elastic spring i.e. the solid component.  That 
happens after the process of transmission of the stress to the solid that is called 
the effective stress, has been completed.  At the end of the process the matrix 
reaches its limiting deformation and the hydrostatic excess pore pressure 
decays to zero.  By ending this process, consolidation starts.  
A4.1.4 Consolidation response of articular cartilage 
Consider Fig. A4.2, under unloaded conditions, articular cartilage is in 
equilibrium with an osmotically swollen state generated by the collagen 
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meshwork and trapped proteoglycans inside.  This pre-loading period can be 
illustrated by configuration A.  When the external static load is applied 
perpendicular to the articular cartilage, the matrix responds immediately with a 
hydrostatic pressure developed within it (configuration B).  The pressure 
reaches 10-15 mins to the initial hydrostatic excess pore pressure    .  Once this 
pressure value is attained fluid starts its exudation. The first amount of water 
moving out of the matrix in this period marks an initial deformation of the 
tissue.  Also the loss of water leads to change in the fixed charge density of the 
matrix (Maroudas, [1979]).  This increased fixed charge density in turn 
generates a swelling stress    that is considerably higher than the intrinsic 
osmotic pressure that exits in the pre-loading tissue.  In this state if the external 
load is loaded continually, the more water moves out of the matrix the more 
the osmotic pressure decreases.  In contrast, the initial hydrostatic excess pore 
pressure   progressively increases and it will reach the maximum hydrostatic 
excess pressure    after approximately 8-12 minutes, i.e. a hydrodynamic lag-
time.   As a result of the increase to the maximum hydrostatic excess pore 
pressure and the fluid flow out of the matrix, the distention of the collagen 
meshwork decreases progressively.  This decrease of distension means that the 
matrix swelling stress is decreased and it attains a minimum value at the same 
time as      is reached (Configuration C).   As can be seen in Fig. A4.2, from this 
point onwards, the hydrostatic excess pore pressure decreases gradually to zero.  
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This can be explained by the fact that a bigger and bigger amount of fluid is lost 
from the consolidation tissue.   As more fluid is squeezed out of the matrix, the 
role of solid skeleton in being loaded is more important until the end of the 
process of consolidation at which it carries one hundred percent of load.  
The solid skeleton at this point consists of proteoglycans trapped inside the 
constraining collagen meshwork and the residual fluid which is permanently 
retained by the matrix.  In articular cartilage, it takes about 4 to 6 hours to 
complete the consolidation process. That it is such a long period indicates the 
extremely low permeability of the cartilage matrix.    
 
Fig. A4.2: The change of cartilage configuration during deformation 
(Oloyede and Broom, [1994a]) 
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A4.1.5 The behaviour of cartilage based on a poro-hyperelastic consolidation 
Articular cartilage can be considered as porous material consisting of water and 
the solid phase of the interwoven knit collagen trapping PGs inside. The 
behaviour of articular cartilage is more complicated than those introduced 
above. For example, articular cartilage load -carriage responses were illustrated 
by rheological analogues widely published in literature such as McCutchen, 
[1975] for the layer model; Higgisinson et al., [1976] for the influence of fluid 
exudation and drag on the load-carriage using a serial arrangement of a non-
linear elastic spring and dashpot; Radin et al., [1970] for observing increase in 
cartilage stiffness with increasing strain rate.  Most of these models focused on 
cartilage load-induced behaviour until 1992 when Oloyede et al. [1992] 
suggested a rheological model with a significant potential in which the most 
important features of articular cartilage behaviour under both static and quasi-
static loading were obtained (Fig. A4.3).  
Oloyede et al., [1992] indicated that this behaviour can be illustrated using a 
poro-hyperelastic consolidation response.  In this research, the authors implied 
that the behaviour of the effective stress and therefore deformation in the 
hyper-elastic solid are determined by the rate of water exudation.  This rate of 
exudation is in turn determined by the permeability of the media.   These 
arguments can be described using the idealised scheme with elastic springs and 
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dashpots as illustrated in Fig. A4.3.  In this Fig. when the extra stress     is 
applied, the elastic spring    representing the instantaneous elastic response 
 
Fig. A4.3: Rheological analogue for the response to load of articualr cartilage. 
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of the whole matrix will respond immediately. Not only the elastic spring  , 
but also the dashpot    representing the role of the fluid in the deformation 
process will respond to the applied load simultaneously.   The response of the 
dashpot    leads to the fluid moving out of the matrix.       continues to be 
applied on articular cartilage, Hv and    continue to be deformed, collagen 
meshwork with proteoglycans trapped inside start to be deformed , 
represented by the system of parallel springs which begins to close.  The system 
of the springs will deform sequentially from     to    to represent the 
deformation of the solid phase of the matrix.  During this deformation, fluid 
continues to be squeezed out of the matrix as the result of the interaction 
between the solid components and the water. This phenomenon is simulated 
by the dashpot  .  
For this model, Oloyede et al., [1992] divided the process into two categories of 
responses to load. From slow to moderate rates, water exudation contributes a 
significant role in the deformation process.  For higher rates, from moderate 
loading to impact loading, there is no sufficient time for water exudation to 
have taken place that can be simulated by the fact that dashpot d1 and d2 are 
effectively static and the behaviour of the matrix in this stage would be 
essentially elastic without water exudation.  The system produces a high 
dynamic stiffness in this stage because the delay time between the closing of 
each dent would be small enough and the springs activate almost in union.   
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The above was an attempt of Oloyede et al., [1992] to explain the mechanism 
behind the mechanical behaviour of articular cartilage. The mechanism can be 
summarised as:   1) The behaviour of the effective stress and therefore 
deformation in the hyper-elastic solid are determined by the rate of water 
exudation, this rate of exudation is in turn determined by the permeability of 
the media; 2) During this deformation, fluid continues to be squeezed out of the 
matrix as the result of the interaction between the solid components and the 
water.  The idea of the mechanism was applied into this thesis in order to 
create the new conceptual model of articular cartilage based on principles of 
cellular automata and virtual clay.  In this thesis, the rate of water exudation, 
the permeability of the cartilage matrix and the interaction between the solid 
components and the water, as discussed in section 2.7, chapter 2, can be 
applied and adjusted in the model of this thesis using the rules as “the 
mechanism” of the physico-chemical processes at the micro-scale level that 
lead to the mechanical behaviour of the cartilage matrix at the macro-scale 
level.  
A4.2 Boundary conditions 
In order to study the behaviours of articular cartilage corresponding to different 
boundary conditions, Oloyede and Broom, [1991] carried out 1-D consolidation 
experiments on articular cartilage.   The experimental results indicated that 
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under different boundary conditions such as drained and undrained, the 
behaviours of articular cartilage will be contrasting even though both conditions 
have the same maximum excess pore pressure attained for the same nominally 
applied stress.  Also Oloyede and Broom, [1991] demonstrated that with 
“drained” condition  the maximum pore pressure decayed progressively while 
under  “undrained” condition, the pressure remained constant after reaching 
the maximum value.  The observation of behaviour of articular cartilage under 
drained loading condition was matched with the Terzaghi theory introduced 
above.  However, the model of Terzhagi, [1943] was modified by the latter 
works of Oloyede and Broom, [1993a, 1993b, 1994a] in which the more 
complex system was set up. This modified system consists of three major 
components namely collagen meshwork, trapped proteoglycans that make a 
hyperelastic solid skeleton and water that is an osmotically active interstitial 
entrapped in the solid phase.  
The results of experiments conducted by Oloyede and Broom, [1994a] allowed 
us to conclude that the behaviours of articular cartilage under external axial 
loads are very similar to those of classical consolidation (Oloyede and Broom, 
[1994a]). 
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A4.3 Pertinent theory of fluid percolation and consolidation of articular 
cartilage 
The law of percolation (Equation A4.1), describes the relationship between the 
relative velocity of fluid exudation and the hydraulic gradient (i.e. the 
permeability of the porous medium and the internal pressure in the matrix).  
The theory of consolidation is based on the continuity equation that can be 
used to determine the flow of fluid squeezed out of the deforming matrix from 
which it flows.  Therefore, in order to generate the continuity equation, Darcy’s 
law should be considered with a modification in which, the conservation of fluid 
mass and the relative velocity of fluid flow through the matrix must be used.  
Oloyede and Broom, [1993b] modified Darcy’s law based on idea that “the 
internal matrix pressure” in general porous medium is in turn “the total 
pressure” while considering the spatial influence of the osmotic pressure on the 
hydrostatic excess pore pressure.                                                                                                                         
                                                                
 
  
 
  
  
                                                     
In Equation A4.2,    is “total pressure”. 
                                                                                                                              
where   is the hydrostatic excess pore pressure of the fluid phase and   is the 
osmotic pressure generated during the deformation process.  This osmotic 
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swelling component is related to the immediate and full transfer of the applied 
stress to the fluid under extra loading as illustrated above.  The calculation of 
this component can be performed based on the proteoglycan’s content that will 
be introduced in the following sections.  The remarkable factor in the 
experiments of Oloyede and Broom, [1994a] is the proteoglycan’s content was 
enzymmatically depleted.  The results obtained from such experimental 
samples indicated that the maximum hydrostatic excess pore pressure in the 
fluid as well as the speed of increase is higher than in those of the intact tissue.  
The very important conclusion of these authors is that intrinsic osmotic 
pressure of a particular cartilage matrix plays a critical role in the time –
dependent establishment of the hydrostatic excess pore pressure.  From this 
significant conclusion, we consider that osmotic pressure is a vital component in 
any kind of modelling of articular cartilage including the cellular automata-
based model that is developed in this thesis.   The physico-chemical effects such 
as osmotic pressure in the deformation of articular cartilage are an important 
feature of gel-component structure of the matrix and should be considered in 
the analysis of the matrix deformation.  
A4.4 Stress relationship in equilibrium condition 
Taylor, [1948] stated that the total stress applied into a medium of a 
consolidating porous material is equal to the sum of the stress that induces 
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deformation in the solid phase (i.e. the effective stress) and the fluid pressure 
of the fluid phase.  That is the principle of effective stress: 
                                                                                                                                                                               
Where    is the total applied stress, 
   is the effective stress  
  is the fluid pressure 
This equation is established by assuming that all the stress components in the 
matrix are dependent on only time. 
If at a current point of the matrix, the fluid pressure is   , then we will have 
dynamic loading equation:                                                                                                             
                                                          
   
  
 
   
  
 
   
  
                                                   
with condition that     is constant at all point of the matrix and at any given 
time.   This is the principle of effective stress that can be used in establishing 
the equation of continuity describing the fluid flow through a porous medium in 
three dimensions as below. 
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A4.5 Equation of continuity 
Fig. A4.4 illustrates an element of particular cartilage with dimension   ,    an 
   along  ,   and   orientations respectively. Now consider the rate of flow in 
these directions. For direction  , we have the rate of flow    and           
across the plane      and      and the hydraulic gradients at the two 
planes are    and          respectively.  Similarly we have the rate of flows 
and hydraulic gradients at the planes    ,     ,     and      along 
  and   directions.  According to Darcy’s Law, we can determine the flows 
through a porous medium under a pressure gradient 
                                                                                          
                                                                                                         
                                                                                          
where     ,      and      are the cross-sectional area for the flow;  
             are the permeability coefficients in the along     and   
directions respectively.  
Assuming that the fluid is incompressible and any voids in the element will not 
change in volume, according to the “water mass conservation”, then the total 
rate of volume discharge moving in the element must equal the total rate of 
volume discharge moving out.  
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Substituting Equations (A4.6), (A4.7) and (A4.8) into Equation (A4.9), then we 
have  
                                                                                                                     
As     
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where u is the fluid pressure.  Equation (A4.10) now can be written as 
                                
 
  
   
   
   
   
   
   
   
   
   
                                   
Consider that the fluid outflow triggers a volume change at the rate  
  
  
  in the 
element then we have 
                             
 
  
   
   
   
   
   
   
   
   
   
         
  
  
                        
For a consolidating porous material,   
  
  
  is determined as:  
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where     are the effective stresses in the           directions and   is the 
coefficient of compressibility of the solid.  According to the principle of effective 
stress given by Equation (A4.5) we can write Equation (A4.1) as: 
                                         
  
  
    
    
  
 
  
  
                                                 
Combining Equations (A4.14) and (A4.15), we have 
                            
 
  
   
   
   
   
   
   
   
   
   
    
    
  
 
  
  
                        
where        , is the bulk modulus of the solid.   
Equation A4.17 illustrates the fluid flow through a porous medium in three 
dimensions.  It is known as the continuity equation and is basically used in any 
consolidation.  In articular cartilage K is not constant in the whole matrix as the 
heterogeneous and anisotropic structure of the tissue.  In this thesis, this issue 
will be illustrated not using this equation but via an arrangement of different 
osmotic units in the Margolus neighbourhood that allows the simulation of 
different rates of flow along different directions.  
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A4.6 Generalized consolidation  
Considering the phenomenon of dispersion that was modelled with the 
conventional equation of diffusion, Schiff, [2008] developed the cellular 
automaton in order to model the same phenomenon with a substance such as 
sugar spreading in water.  As discussed earlier, in order to determine the 
mechanism behind the mechanical responses of articular cartilage, the cellular 
automata approach is considered the most promising.  The question here 
relates to how to narrow down the physical processes to study with cellular 
       
       
       
   
   
   
dy 
dx 
dz 
x 
y 
z 
Fig. A4.4: A 3-D element of articular cartilage and its fluid flows 
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automat since there are numerous patterns of cartilage deformation.  This 
question arises from the paper of Oloyede and Broom, [1994b] in which 
Oloyede and Broom used the experiments to evaluate the conceptual views of 
boundary conditions on the application of Darcy’s law to articular cartilage 
deformation. 
           
 
  
         
  
  
          
  
   
 
 
  
         
  
  
   
   
  
            
This equation can be shown to be, 
 
  
 
        
        
  
  
  
        
        
  
   
 
 
  
 
        
        
  
  
   
    
  
 
  
  
         
Note that r represents the radial direction while z, the axial direction.  Thus,     
and    are the strain components in the radial and axial directions respectively.  
         is coefficient of permeability in the radial direction while         , the 
axial direction.   ∂  /∂t   is the mean matrix (solid skeleton) “creep” rate due to 
fluid loss.           is coefficient of compressibility in the axial direction while 
        , the radial direction.    is the hydrostatic excess pore pressure of the 
fluid.  
In their works, Oloyede and Broom conducted experiments with different 
conditions such as 1-D and 3-D to obtain the varying results.  From those results, 
the authors compared the confined and unconfined consolidation responses of 
cartilage, whilst focusing more on experimental arrangements which mimic to a 
substantial degree its behaviour in vivo. 
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The following sections introduce the experiments of Oloyede and Broom [1994b] 
with the expressions for the consolidation response of cartilage to various 
constraint conditions based on Equation A4.19.  The conclusion from these can 
be used to apply in the model of this thesis.  
A4.6.1 One-D axial consolidation experiments 
Case AXIAL 1     Using a porous indenter and axial static loading (i.e.         
 ), Equation A4.19 becomes 
                                                      
 
  
 
        
        
  
  
   
  
  
                                     
Case AXIAL 2    Keep the same conditions as above but replace a porous 
indenter by a polished indenter i.e. non-porous indenter; Oloyede could reduce 
the continuity equation to  
                                                                    
  
  
                                                             
Case AXIAL 3   Replacing the polished indenter in case AXIAL 2 by another 
cartilage, authors had the relationship    
                                                    
 
  
 
        
        
  
  
   
  
  
                                       
We can see that this equation is the same as that in AXIAL 1. But the   vs   
response will tend towards that observed under a polished indenter as in case 
AXIAL 2.  The reason for that is that the cartilage-to-cartilage indentation makes 
the rate of fluid outflow through cartilage greatly reduced. 
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A4.6.2 Three-D or unconfined cartilage consolidation experiments 
Case 3D 
Experimental condition: A porous indenter was placed in the surface of the 
cartilage matrix. Axial static load was applied into the unconfined matrix of 
cartilage through the indenter.   Under this condition, the LHS of Equation A4.19 
will influence in full the transient response of the fluid’s excess pore pressure. 
A4.6.3 One-D Radial Consolidation Experiments 
The following two configurations describe the physiologically more 
representative experimental models. 
Case RAD1   Using the condition in case 3D with a modification in which the 
porous indenter on the surface of the matrix is replaced by a polished indenter. 
This change will result in radial consolidation.  That means fluid outflow in the 
direction perpendicular to the loading axis.  Also the following equation shows 
the continuity of flow, 
                                  
 
  
 
        
        
  
  
  
        
        
  
   
  
  
  
                           
Case RAD2   Using the condition in case RAD1 but replace the polished indenter 
by cartilage.  This leads to the fact that all the components of the LHS of 
Equation (A4.19) will govern fluid flow but with a greatly reduced contribution 
from the axial flow direction.  The reason for the author’s assumption is the 
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enhanced ultra-low permeability.  Thus the responses from case RAD1 will be 
the same as the responses of case RAD2.  
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Surface
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.042414 0.043287 0.043594 0.045081 0.046177 0.047344 0.046914 0.048023 0.049038 0.048564 0.050149
0.2 0.043424 0.043504 0.043954 0.042459 0.042389 0.042083 0.043503 0.043498 0.044639 0.044692 0.045918 0.048324
0.4 0.045256 0.044612 0.045715 0.046252 0.046341 0.047896 0.048161 0.049089 0.049808 0.050684 0.051524 0.052514 0.054399
0.6 0.044024 0.045249 0.04538 0.046616 0.047146 0.047849 0.048752 0.048861 0.050023 0.050643 0.051305 0.051441 0.051725
0.8 0.045635 0.044733 0.045241 0.045725 0.045898 0.047254 0.047839 0.049044 0.049504 0.049922 0.050363 0.050408 0.050863
d5 0.046431 0.046776 0.047507 0.048411 0.049257 0.050008 0.050588 0.051143 0.051048 0.051359 0.05178 0.052 0.05217
1.2 0.048024 0.049797 0.050653 0.051737 0.052502 0.053116 0.054281 0.054286 0.054908 0.055343 0.055757 0.05633 0.056851
1.4 0.050371 0.051371 0.052411 0.05336 0.055542 0.054457 0.05329 0.053386 0.054222 0.057706 0.058438 0.060171 0.05996
1.6 0.052487 0.054431 0.054961 0.05544 0.056636 0.058476 0.058163 0.059834 0.061616 0.063697 0.06529 0.066297 0.067489
1.8 0.055163 0.056224 0.054742 0.055376 0.056362 0.058051 0.057369 0.059032 0.060526 0.062829 0.063032 0.064245 0.064658
d1 0.057014 0.059055 0.060179 0.060472 0.060925 0.061564 0.061385 0.06231 0.06237 0.064936 0.066111 0.066873 0.067373
2.2 0.05748 0.058733 0.060206 0.060452 0.059858 0.061684 0.063586 0.062587 0.064272 0.06564 0.067132 0.066402 0.067635
2.4 0.058593 0.062814 0.062937 0.061615 0.062434 0.062959 0.063675 0.064738 0.065571 0.066825 0.06737 0.067598 0.068087
2.6 0.06041 0.062308 0.061793 0.062729 0.064014 0.063169 0.063916 0.067628 0.067448 0.064904 0.068308 0.067872 0.069107
2.8 0.055533 0.056994 0.056803 0.058039 0.059066 0.059969 0.062812 0.064254 0.065952 0.066222 0.067527 0.067083 0.06802
d2 0.054927 0.055952 0.055752 0.057029 0.057239 0.058265 0.059054 0.061 0.063464 0.061597 0.062678 0.062878 0.064101
3.2 0.053309 0.055443 0.054032 0.055751 0.056885 0.057459 0.059403 0.060685 0.06276 0.063252 0.065717 0.066245 0.066329
3.4 0.049732 0.052466 0.051063 0.052653 0.054128 0.056767 0.056864 0.058403 0.061833 0.062618 0.064968 0.06598 0.066546
3.6 0.046596 0.048316 0.049769 0.051363 0.053907 0.05237 0.051279 0.053547 0.056643 0.057853 0.059911 0.060783 0.063419
3.8 0.044527 0.046864 0.046387 0.048103 0.049648 0.049528 0.050848 0.051358 0.053 0.054677 0.059944 0.06182 0.059552
d3 0.042584 0.043618 0.043455 0.045637 0.046511 0.044159 0.045364 0.04616 0.048549 0.050804 0.050991 0.053151 0.052812
4.2 0.042026 0.042746 0.043769 0.045222 0.043893 0.042936 0.044422 0.046407 0.047508 0.052561 0.053255 0.050594
4.4 0.040163 0.041065 0.039982 0.039908 0.04131 0.042371 0.043238 0.045786 0.046496 0.047189
4.6 0.039901 0.040653 0.041209 0.041974 0.042337 0.042864 0.043991 0.044533
4.8 0.038375 0.03912 0.039433 0.040379 0.040445
d4 0.039965 0.042247 0.043458
Average 0.050952 0.051486 0.051257 0.051649 0.052463 0.052344 0.052849 0.053964 0.054522 0.055455 0.056249 0.056959 0.05753
418
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14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.051057 0.051882 0.052397 0.053178 0.053622 0.054019 0.053836 0.053028 0.053212 0.052611 0.052594 0.052127 0.051869 0.051762
0.049397 0.049934 0.050048 0.050727 0.05035 0.050715 0.050583 0.05126 0.05081 0.050081 0.049324 0.048368 0.048277 0.048533
0.055235 0.055918 0.056052 0.056668 0.057033 0.057473 0.05767 0.058475 0.058486 0.058003 0.057736 0.056792 0.05651 0.056689
0.052226 0.053146 0.053716 0.05456 0.055571 0.055731 0.056249 0.055004 0.055464 0.055428 0.05515 0.055399 0.055683 0.056416
0.051475 0.051986 0.052046 0.05244 0.053034 0.052956 0.053587 0.052545 0.053184 0.052847 0.052593 0.052431 0.052591 0.052586
0.052431 0.052597 0.053281 0.054094 0.054959 0.055343 0.056425 0.054159 0.054291 0.054216 0.054104 0.054115 0.054497 0.055375
0.057927 0.059158 0.059363 0.060208 0.061372 0.061534 0.062497 0.06195 0.061469 0.061542 0.06146 0.061474 0.061869 0.062341
0.061447 0.062164 0.062233 0.063066 0.064303 0.064932 0.065768 0.064914 0.065088 0.06476 0.065312 0.065879 0.064852 0.066732
0.06815 0.069786 0.070727 0.072457 0.073191 0.07395 0.074929 0.074667 0.075131 0.073771 0.074169 0.07501 0.074179 0.075393
0.06535 0.066131 0.067231 0.068389 0.069408 0.070006 0.070559 0.070756 0.070756 0.070047 0.069431 0.070431 0.070072 0.070057
0.067374 0.06849 0.069441 0.070355 0.071188 0.071851 0.072599 0.072687 0.072839 0.072549 0.072395 0.072078 0.071468 0.07177
0.067933 0.068472 0.068718 0.069474 0.071404 0.069952 0.070866 0.072203 0.073518 0.071888 0.072693 0.073287 0.074129 0.07569
0.068396 0.069194 0.069359 0.070416 0.072952 0.071116 0.07542 0.072182 0.075789 0.073 0.073388 0.072837 0.074686 0.074938
0.069878 0.070485 0.067556 0.068352 0.068768 0.068804 0.069099 0.070201 0.068014 0.069982 0.071761 0.072439 0.072083 0.07175
0.068388 0.068317 0.069554 0.07011 0.070984 0.070319 0.070934 0.069677 0.070075 0.068971 0.070531 0.070344 0.070849 0.071496
0.064802 0.064321 0.064268 0.06417 0.06503 0.066017 0.066766 0.06378 0.062738 0.063859 0.065244 0.065637 0.066004 0.066174
0.06657 0.066537 0.065763 0.066362 0.066842 0.068107 0.068581 0.06426 0.064481 0.064619 0.065643 0.065776 0.065432 0.066371
0.066714 0.066695 0.065682 0.065922 0.066625 0.067066 0.066466 0.065525 0.064629 0.064035 0.063865 0.06442 0.065072 0.065586
0.064775 0.066382 0.068518 0.06833 0.068258 0.068284 0.068517 0.066579 0.069152 0.069195 0.068993 0.068802 0.068699 0.071065
0.059511 0.061765 0.063356 0.063089 0.063234 0.064299 0.064699 0.065608 0.066467 0.067285 0.066483 0.065714 0.065874 0.067277
0.051505 0.053527 0.054866 0.054076 0.055516 0.055809 0.056562 0.057467 0.057741 0.058704 0.058374 0.057593 0.057088 0.056783
0.052181 0.054511 0.055811 0.055675 0.055231 0.056049 0.056607 0.05631 0.057518 0.057855 0.057342 0.056632 0.056994 0.059414
0.047823 0.049052 0.050032 0.049938 0.050036 0.050176 0.050546 0.049433 0.050912 0.050958 0.050722 0.050541 0.05077 0.052413
0.045492 0.046369 0.048257 0.047968 0.048654 0.049955 0.049197 0.048536 0.05024 0.049679 0.050666 0.050657 0.052451 0.053239
0.040098 0.040876 0.04415 0.045147 0.045894 0.047395 0.047085 0.045582 0.046468 0.046612 0.046941 0.047011 0.047906 0.048506
0.043691 0.044462 0.045542 0.046262 0.046459 0.046726 0.046647 0.046326 0.047029 0.047135 0.047397 0.04766 0.047872 0.048344
0.05807 0.058929 0.059537 0.060055 0.060766 0.061099 0.061642 0.060889 0.061366 0.06114 0.06132 0.061287 0.061453 0.062181
419
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28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.051568 0.051368 0.051459 0.052054 0.052117 0.051393 0.051199 0.050183 0.049004 0.04856 0.048387 0.048244 0.047534 0.045063
0.047816 0.047461 0.047986 0.051724 0.050926 0.050503 0.049904 0.048442 0.047653 0.048529 0.048019 0.046676 0.04535 0.045819
0.056417 0.056202 0.056629 0.058937 0.058605 0.057831 0.057814 0.056697 0.055793 0.055813 0.055317 0.054806 0.053945 0.052893
0.056408 0.056206 0.056155 0.055706 0.054975 0.053958 0.053431 0.053938 0.053831 0.053714 0.052635 0.05232 0.05363 0.051453
0.052931 0.052707 0.052435 0.051759 0.05129 0.051133 0.051154 0.051362 0.051786 0.051026 0.049972 0.049536 0.049814 0.049467
0.055107 0.054743 0.054923 0.055532 0.053395 0.052811 0.052178 0.052691 0.053371 0.052517 0.051761 0.05165 0.051491 0.049241
0.062645 0.062036 0.061926 0.062251 0.060986 0.061091 0.060629 0.06137 0.060795 0.060612 0.059781 0.059288 0.059441 0.058124
0.066086 0.065639 0.06599 0.066335 0.066223 0.066039 0.065912 0.065668 0.066016 0.064603 0.063482 0.06357 0.063572 0.063213
0.077054 0.077553 0.077763 0.075997 0.07619 0.075463 0.07461 0.073002 0.073536 0.075641 0.076055 0.073836 0.073632 0.072718
0.071759 0.072447 0.073074 0.07035 0.070615 0.070185 0.069041 0.068721 0.068376 0.07065 0.071439 0.070775 0.069898 0.069086
0.071936 0.073045 0.073384 0.072083 0.071429 0.071713 0.071481 0.070887 0.071107 0.071482 0.07207 0.071461 0.071181 0.06926
0.0748 0.074494 0.074472 0.07305 0.072475 0.071142 0.071576 0.072077 0.07143 0.071165 0.0712 0.074917 0.073405 0.069486
0.075471 0.074952 0.076524 0.072172 0.071799 0.071581 0.072168 0.072337 0.071579 0.072776 0.073068 0.076225 0.076835 0.06886
0.070401 0.072522 0.072303 0.069231 0.069959 0.070434 0.069194 0.06946 0.069585 0.066621 0.069418 0.071756 0.071065 0.06506
0.071202 0.072054 0.072819 0.071299 0.071392 0.072093 0.071075 0.070832 0.071428 0.07036 0.070556 0.070053 0.070454 0.067374
0.067678 0.068284 0.068127 0.063031 0.06325 0.063366 0.063947 0.062994 0.0632 0.06394 0.065073 0.064827 0.064643 0.061428
0.066713 0.067833 0.068134 0.065725 0.065918 0.065627 0.064841 0.065861 0.065556 0.065375 0.065451 0.065842 0.066143 0.062392
0.066781 0.065882 0.06554 0.064453 0.063046 0.062186 0.061666 0.0626 0.062497 0.063534 0.063887 0.06465 0.064167 0.062711
0.073212 0.071732 0.072939 0.067983 0.066963 0.067145 0.067571 0.067003 0.067442 0.067693 0.069164 0.070131 0.070572 0.069826
0.067846 0.067259 0.067593 0.065718 0.067444 0.06736 0.067663 0.065197 0.06525 0.065022 0.065673 0.066653 0.067594 0.065171
0.057112 0.057928 0.058499 0.058086 0.058714 0.058484 0.060237 0.058323 0.057842 0.058223 0.058522 0.059258 0.060066 0.058298
0.060095 0.05835 0.059458 0.058522 0.057955 0.058323 0.058238 0.05724 0.056754 0.057395 0.058293 0.058778 0.058933 0.057685
0.053282 0.052445 0.053003 0.051633 0.051534 0.051643 0.051453 0.051277 0.051628 0.051995 0.052222 0.053105 0.053271 0.052426
0.053444 0.052077 0.052556 0.052058 0.052798 0.051399 0.051927 0.051552 0.052607 0.053533 0.054206 0.052297 0.052827 0.05037
0.048524 0.048396 0.048774 0.04731 0.04951 0.048872 0.049303 0.048789 0.049204 0.049064 0.049745 0.049299 0.049209 0.048333
0.048515 0.048774 0.049252 0.048476 0.048519 0.048411 0.049297 0.049208 0.048835 0.048974 0.049702 0.049311 0.049162 0.048369
0.062492 0.0624 0.062758 0.061595 0.061462 0.061161 0.061058 0.060681 0.060619 0.060724 0.060965 0.061125 0.061071 0.059005
420
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42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.044639 0.044034 0.042494 0.041812 0.041668 0.040726 0.038548 0.03759 0.036597 0.035866 0.033863 0.032602 0.031002 0.029778
0.044774 0.044525 0.044119 0.043639 0.044783 0.044041 0.041784 0.041323 0.04062 0.041759 0.040314 0.042365 0.041999 0.040848
0.052274 0.051667 0.05098 0.050514 0.050816 0.049482 0.047688 0.046834 0.045927 0.046747 0.045174 0.043714 0.042335 0.041109
0.050953 0.050949 0.052315 0.052411 0.052279 0.051621 0.052342 0.051744 0.050338 0.048381 0.047396 0.046895 0.045655 0.044732
0.048611 0.04848 0.048978 0.048537 0.048271 0.047836 0.047328 0.047425 0.046821 0.044376 0.043475 0.043367 0.042779 0.042327
0.049699 0.049571 0.050971 0.050848 0.050603 0.050007 0.050257 0.050219 0.048716 0.04736 0.045644 0.045553 0.044745 0.04437
0.057593 0.058187 0.058905 0.059505 0.059195 0.058872 0.058445 0.057599 0.057076 0.055707 0.054709 0.053383 0.052439 0.051342
0.062847 0.062316 0.062371 0.061948 0.061221 0.060734 0.060892 0.059783 0.059046 0.057842 0.057568 0.056173 0.055295 0.053104
0.070975 0.069728 0.069383 0.06911 0.068983 0.068011 0.067191 0.066382 0.064747 0.06053 0.058462 0.056763 0.055572 0.054282
0.068008 0.067097 0.066874 0.06727 0.066846 0.066116 0.065003 0.063811 0.061308 0.05853 0.056972 0.056381 0.055641 0.053679
0.068344 0.068214 0.06833 0.068026 0.066189 0.066505 0.067147 0.067504 0.066624 0.064369 0.060567 0.059682 0.059383 0.058236
0.067458 0.067445 0.065501 0.065984 0.066395 0.067 0.068355 0.066394 0.066871 0.063632 0.062822 0.061508 0.06021 0.058703
0.071161 0.069769 0.070879 0.070623 0.071592 0.070425 0.071479 0.070404 0.070677 0.065757 0.063743 0.061432 0.061297 0.057843
0.067881 0.067567 0.06293 0.06547 0.064141 0.061845 0.061611 0.063877 0.063958 0.067892 0.066163 0.065432 0.067728 0.066375
0.067989 0.067794 0.066874 0.064535 0.064243 0.064076 0.063063 0.064413 0.064255 0.066153 0.06616 0.066196 0.063838 0.063225
0.062337 0.062174 0.062582 0.062345 0.061561 0.060654 0.061268 0.06112 0.061786 0.064784 0.06528 0.062782 0.062288 0.062202
0.063885 0.063576 0.063906 0.061615 0.059296 0.059715 0.061297 0.062287 0.062003 0.065756 0.067668 0.064459 0.064542 0.064061
0.061906 0.061648 0.063195 0.06204 0.060052 0.059612 0.060759 0.06066 0.061078 0.065364 0.067266 0.06282 0.063481 0.063966
0.070765 0.070626 0.070159 0.069619 0.070132 0.070503 0.071267 0.070604 0.069565 0.068364 0.069128 0.068265 0.066563 0.068771
0.065476 0.065372 0.064827 0.065965 0.066302 0.066541 0.067068 0.067312 0.067428 0.064654 0.063511 0.063235 0.063155 0.062652
0.059061 0.058931 0.058208 0.058344 0.05932 0.059498 0.059895 0.059714 0.060744 0.05985 0.058339 0.058583 0.05819 0.055976
0.058168 0.058469 0.058719 0.059472 0.05951 0.059516 0.059625 0.060445 0.061332 0.057044 0.057705 0.056706 0.056116 0.057793
0.052959 0.053097 0.053309 0.053348 0.05361 0.053682 0.053652 0.053918 0.053342 0.052068 0.052298 0.051917 0.051759 0.053469
0.050841 0.051674 0.053505 0.050848 0.052176 0.052463 0.052178 0.052051 0.051135 0.049996 0.049484 0.049151 0.049507 0.050134
0.04827 0.048266 0.048973 0.049346 0.049732 0.049115 0.048686 0.047988 0.047522 0.047162 0.046892 0.046762 0.046934 0.04582
0.05011 0.04986 0.049958 0.049526 0.049932 0.049579 0.048113 0.048059 0.046955 0.046438 0.046106 0.046072 0.045742 0.046288
0.059115 0.058886 0.058817 0.058565 0.058417 0.058007 0.057882 0.057672 0.057172 0.056399 0.055643 0.0547 0.054161 0.053503
421
Appendix 5.1 Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.027791 0.025919 0.025247 0.023724 0.022478 0.044867
0.038243 0.036473 0.036556 0.036221 0.033235 0.045444
0.039007 0.037212 0.036868 0.035402 0.033131 0.051093
0.043652 0.04243 0.041067 0.039994 0.039288 0.051026
0.041253 0.041235 0.040305 0.039798 0.039061 0.048756
0.043203 0.041923 0.041306 0.04056 0.039655 0.050583
0.050315 0.048931 0.046876 0.045883 0.045512 0.057153
0.052497 0.052541 0.050556 0.049349 0.048132 0.060212
0.052321 0.050318 0.050131 0.048854 0.045795 0.066682
0.05275 0.051117 0.05066 0.050147 0.047212 0.064135
0.057113 0.05582 0.056344 0.056095 0.053899 0.066643
0.057491 0.056608 0.05733 0.05848 0.056137 0.067098
0.056947 0.056843 0.058373 0.061449 0.060266 0.068603
0.066048 0.066612 0.065933 0.06385 0.06389 0.067317
0.065862 0.064442 0.063982 0.060517 0.058679 0.066802
0.065355 0.065491 0.064999 0.061404 0.058556 0.062925
0.068256 0.067453 0.066641 0.061487 0.059694 0.06386
0.065674 0.065141 0.062311 0.060221 0.058811 0.062532
0.06933 0.069244 0.067017 0.06671 0.063643 0.065683
0.061639 0.063034 0.061755 0.062592 0.058745 0.062227
0.0544 0.055355 0.055092 0.055749 0.053237 0.055291
0.057135 0.058702 0.057345 0.056973 0.054167 0.055329
0.053099 0.052929 0.051616 0.051253 0.05001 0.05023
0.050335 0.049064 0.047859 0.047216 0.046733 0.049433
0.046385 0.044074 0.044138 0.0431 0.04188 0.0464
0.045797 0.043864 0.043993 0.043555 0.042949 0.047098
0.057787
0.05315 0.052414 0.051704 0.050792 0.049031
422
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 2
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.043203 0.047041 0.044719 0.045844 0.047891 0.048203 0.047436 0.048578 0.04932 0.048941 0.050535
0.2 0.045418 0.043439 0.044407 0.042795 0.045013 0.043544 0.044534 0.044202 0.045213 0.04543 0.046537 0.048883
0.4 0.048168 0.047637 0.047942 0.047228 0.048975 0.051485 0.051555 0.052623 0.052126 0.052051 0.053348 0.055128 0.056385
0.6 0.045143 0.046971 0.048673 0.050995 0.051124 0.050544 0.051846 0.053596 0.054312 0.053578 0.05487 0.055155 0.056471
0.8 0.048909 0.045285 0.045822 0.046118 0.04856 0.049771 0.050524 0.05219 0.049812 0.053942 0.054795 0.052041 0.052226
d5 0.049169 0.049394 0.050025 0.050928 0.051965 0.052858 0.053421 0.053853 0.053652 0.054337 0.054455 0.053999 0.054153
1.2 0.050857 0.052585 0.053338 0.054427 0.055389 0.056142 0.05732 0.057163 0.057709 0.058552 0.058637 0.058496 0.059012
1.4 0.052046 0.052377 0.053387 0.057988 0.056975 0.055379 0.055269 0.054354 0.054825 0.058373 0.058774 0.060639 0.060421
1.6 0.055582 0.057479 0.057874 0.058323 0.05975 0.061808 0.061419 0.063004 0.064758 0.06739 0.068663 0.068846 0.070054
1.8 0.05912 0.056918 0.055444 0.055852 0.059632 0.061143 0.060588 0.062819 0.060903 0.067889 0.068579 0.066326 0.06639
d1 0.05981 0.061766 0.060089 0.061096 0.061408 0.065376 0.063516 0.063787 0.063381 0.065771 0.067203 0.067775 0.068153
2.2 0.061179 0.062716 0.06314 0.061728 0.063261 0.066305 0.068066 0.067092 0.067265 0.067411 0.069508 0.069707 0.070104
2.4 0.060082 0.065203 0.067505 0.067402 0.067702 0.066504 0.067716 0.071011 0.071194 0.070698 0.072051 0.072479 0.074334
2.6 0.063373 0.065169 0.061701 0.063376 0.064521 0.06708 0.066136 0.06923 0.068541 0.06574 0.069436 0.068787 0.069907
2.8 0.059517 0.057697 0.057532 0.058537 0.062492 0.063163 0.066337 0.068375 0.066363 0.071554 0.07347 0.069257 0.069842
d2 0.056323 0.058081 0.059798 0.062385 0.062069 0.061546 0.062802 0.06691 0.068906 0.065167 0.067033 0.067418 0.069982
3.2 0.056739 0.059203 0.056664 0.056928 0.06012 0.061763 0.063589 0.065053 0.065681 0.064959 0.068044 0.069543 0.06875
3.4 0.050995 0.054462 0.054769 0.057598 0.058696 0.059963 0.060473 0.064062 0.067135 0.066247 0.069482 0.070744 0.072652
3.6 0.049344 0.05102 0.052406 0.054034 0.056871 0.055354 0.05415 0.056385 0.059532 0.061207 0.063005 0.06312 0.065829
3.8 0.047721 0.047443 0.046982 0.048516 0.052528 0.052166 0.053702 0.054652 0.05333 0.05908 0.06522 0.063823 0.061147
d3 0.045324 0.046576 0.045572 0.046599 0.049155 0.047467 0.04856 0.049483 0.050809 0.052175 0.052796 0.055797 0.05474
4.2 0.044876 0.044829 0.044692 0.047793 0.047182 0.045961 0.047619 0.048568 0.04879 0.054422 0.055905 0.052441
4.4 0.043647 0.042124 0.040659 0.04139 0.042059 0.042842 0.043739 0.046049 0.046857 0.047552
4.6 0.042175 0.042929 0.043393 0.044115 0.044792 0.045078 0.045682 0.046226
4.8 0.038614 0.04227 0.042903 0.041688 0.041529
d4 0.043483 0.043615 0.044622
Average 0.053653 0.053727 0.053188 0.053906 0.055158 0.055279 0.055779 0.057144 0.05664 0.05798 0.059079 0.059166 0.059705
423
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.051606 0.052333 0.05609 0.056009 0.057778 0.056685 0.056421 0.05595 0.056605 0.056177 0.05536 0.056091 0.052805 0.052439
0.049915 0.050637 0.053615 0.051255 0.053438 0.052826 0.051406 0.052372 0.051514 0.050655 0.051655 0.050248 0.048993 0.049409
0.057936 0.057976 0.058939 0.058917 0.05864 0.060669 0.060765 0.061104 0.061899 0.061727 0.061325 0.059701 0.058288 0.058861
0.052817 0.057381 0.057877 0.055927 0.059893 0.060205 0.056971 0.055476 0.058682 0.05838 0.058245 0.058952 0.05603 0.060959
0.053327 0.054064 0.053706 0.053686 0.05357 0.054391 0.0552 0.053198 0.055085 0.053232 0.053338 0.055006 0.054413 0.057257
0.054859 0.055007 0.054393 0.055266 0.05642 0.056635 0.057783 0.055748 0.055852 0.055824 0.055729 0.055635 0.056341 0.057225
0.06061 0.061869 0.060602 0.061513 0.063004 0.062971 0.064002 0.063767 0.063237 0.063367 0.063305 0.0632 0.063962 0.064423
0.062108 0.062704 0.06662 0.066424 0.069288 0.068137 0.068926 0.068491 0.069239 0.069148 0.068747 0.070889 0.066023 0.067605
0.071306 0.072984 0.072204 0.074027 0.075137 0.075676 0.076733 0.076857 0.077291 0.07596 0.076396 0.077117 0.076688 0.077912
0.067701 0.068775 0.069375 0.070014 0.070108 0.071902 0.072684 0.071635 0.073285 0.070558 0.070415 0.073889 0.072499 0.07628
0.06808 0.069454 0.074389 0.071087 0.075554 0.074842 0.07378 0.074264 0.073848 0.07338 0.075815 0.07488 0.072529 0.073065
0.071255 0.070992 0.072257 0.072231 0.073416 0.073842 0.07467 0.075448 0.077808 0.076503 0.077211 0.077041 0.076462 0.078591
0.06917 0.074707 0.074732 0.07218 0.078625 0.076825 0.076387 0.072801 0.080186 0.076889 0.077507 0.077509 0.075151 0.080973
0.070611 0.071477 0.07237 0.069063 0.072985 0.071668 0.070223 0.071724 0.068956 0.070783 0.075152 0.075255 0.073153 0.073045
0.070848 0.071049 0.071773 0.071777 0.0717 0.072224 0.07307 0.070542 0.07258 0.069473 0.071531 0.073798 0.073303 0.077847
0.065536 0.069445 0.069247 0.065778 0.070087 0.071316 0.067623 0.064328 0.066378 0.06726 0.068906 0.069847 0.066415 0.071503
0.069825 0.068986 0.06915 0.068995 0.068726 0.071894 0.072262 0.067148 0.068243 0.068767 0.069723 0.069145 0.067491 0.068915
0.067469 0.072009 0.07077 0.067574 0.071806 0.07245 0.067319 0.066088 0.068378 0.067446 0.067449 0.068552 0.065478 0.070868
0.067775 0.069423 0.069948 0.069811 0.070073 0.069878 0.070166 0.068532 0.071141 0.071248 0.071065 0.070734 0.071023 0.073439
0.061651 0.064234 0.065377 0.064589 0.063872 0.066041 0.066647 0.066423 0.068843 0.067776 0.067425 0.068941 0.068156 0.073253
0.054024 0.055497 0.057692 0.056222 0.057081 0.058912 0.059598 0.06005 0.06111 0.062473 0.062002 0.060543 0.058884 0.058959
0.054733 0.056517 0.058685 0.057884 0.056788 0.059166 0.059645 0.058841 0.060874 0.061569 0.060907 0.059532 0.058787 0.061691
0.048338 0.049479 0.053558 0.052597 0.053915 0.052653 0.052973 0.052157 0.054159 0.054411 0.05339 0.054384 0.051686 0.053099
0.047598 0.048493 0.049264 0.049007 0.049947 0.051121 0.050382 0.049959 0.051685 0.051152 0.052187 0.05208 0.054225 0.055018
0.041541 0.04251 0.045559 0.04622 0.046357 0.048678 0.048503 0.046148 0.048129 0.046952 0.047606 0.049319 0.049566 0.052815
0.045262 0.04624 0.046994 0.047362 0.046928 0.047992 0.048051 0.046902 0.04871 0.047479 0.048068 0.05 0.04953 0.052639
0.059842 0.061317 0.062507 0.061747 0.063274 0.063831 0.063546 0.062537 0.063989 0.063407 0.063864 0.064319 0.062995 0.065311
424
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.052484 0.052997 0.052385 0.052672 0.05561 0.053895 0.051964 0.051586 0.05102 0.049507 0.04978 0.049087 0.050384 0.046394
0.048703 0.048298 0.048855 0.05263 0.051996 0.051486 0.050485 0.052106 0.051883 0.05213 0.048589 0.047415 0.046603 0.04691
0.057757 0.060557 0.060245 0.061903 0.059577 0.06137 0.061643 0.058573 0.060184 0.060815 0.057103 0.05685 0.055741 0.054549
0.061372 0.058027 0.05766 0.05771 0.057173 0.058386 0.057828 0.058157 0.054996 0.056824 0.055476 0.055202 0.057275 0.053002
0.057613 0.056729 0.053941 0.053482 0.055964 0.051658 0.052638 0.053845 0.055718 0.053607 0.052798 0.05205 0.051842 0.052129
0.056877 0.0563 0.056361 0.056901 0.055742 0.054947 0.053851 0.054229 0.05541 0.054363 0.053377 0.053337 0.053237 0.05109
0.064656 0.0638 0.063548 0.063785 0.063667 0.063561 0.062574 0.063162 0.063117 0.062742 0.061647 0.061224 0.061456 0.060307
0.06726 0.06772 0.067177 0.067122 0.070662 0.069255 0.066897 0.067504 0.068731 0.065862 0.065309 0.064682 0.067382 0.06508
0.079527 0.079758 0.0798 0.07787 0.07954 0.078515 0.077003 0.075133 0.076346 0.0783 0.078429 0.076248 0.076129 0.075449
0.078107 0.077976 0.075173 0.072691 0.077051 0.070904 0.071044 0.072042 0.073568 0.074224 0.075479 0.074368 0.072744 0.072803
0.07327 0.074333 0.074712 0.073345 0.07293 0.073109 0.072313 0.076248 0.077419 0.076785 0.072925 0.072592 0.073147 0.07091
0.076576 0.080267 0.079227 0.076726 0.073678 0.075496 0.076317 0.074462 0.077052 0.077543 0.0735 0.077712 0.075849 0.07166
0.082113 0.07738 0.078574 0.074768 0.07467 0.077455 0.078107 0.077996 0.073127 0.076991 0.077012 0.080423 0.082057 0.070932
0.071706 0.073801 0.073612 0.070442 0.071429 0.071805 0.07 0.074713 0.075762 0.071563 0.070242 0.072891 0.073028 0.066609
0.077501 0.077553 0.074911 0.073672 0.077898 0.072833 0.073137 0.074256 0.076851 0.073919 0.074546 0.073609 0.073323 0.071
0.073634 0.070497 0.069952 0.065298 0.065779 0.068566 0.069209 0.067922 0.064568 0.067643 0.068586 0.068397 0.069037 0.063277
0.068297 0.07309 0.072484 0.069032 0.067012 0.069643 0.069136 0.068041 0.070715 0.071234 0.067565 0.068298 0.068345 0.064345
0.072658 0.068017 0.067296 0.066772 0.065566 0.067289 0.066741 0.067498 0.063849 0.067213 0.067336 0.06821 0.068528 0.064599
0.075562 0.073772 0.074849 0.069658 0.069907 0.069861 0.069739 0.068959 0.070019 0.070073 0.071323 0.072422 0.072965 0.072449
0.073848 0.072392 0.069535 0.067905 0.073591 0.068051 0.069626 0.068348 0.070205 0.068312 0.069387 0.070037 0.070346 0.068678
0.058468 0.062417 0.062234 0.061008 0.059688 0.062063 0.064227 0.060254 0.062395 0.063441 0.060412 0.061468 0.062066 0.060123
0.061522 0.062872 0.063255 0.061467 0.058917 0.061892 0.062096 0.059134 0.06122 0.062539 0.060176 0.060971 0.060896 0.05949
0.054228 0.054109 0.053957 0.052245 0.054988 0.054157 0.052222 0.052711 0.053752 0.053008 0.053725 0.054034 0.056464 0.053974
0.05516 0.053557 0.053933 0.053341 0.055119 0.053478 0.053593 0.053057 0.054617 0.055415 0.055898 0.054005 0.054619 0.052261
0.052817 0.052089 0.050176 0.048885 0.054022 0.049373 0.050733 0.051147 0.05294 0.051546 0.052558 0.051801 0.051212 0.050934
0.052807 0.052496 0.050667 0.05009 0.052941 0.048907 0.050727 0.051587 0.052543 0.051452 0.052513 0.051815 0.051164 0.050972
0.065559 0.065416 0.064789 0.063516 0.064428 0.063767 0.06361 0.063564 0.064154 0.064117 0.063296 0.063429 0.063686 0.061151
425
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.046751 0.04691 0.044299 0.045446 0.044605 0.042895 0.041536 0.039446 0.038354 0.037842 0.036023 0.034811 0.032632 0.031217
0.045608 0.044567 0.045364 0.044886 0.045246 0.04496 0.042829 0.042543 0.041527 0.042255 0.040946 0.04297 0.042475 0.041687
0.053648 0.053077 0.052269 0.05164 0.052152 0.051327 0.049797 0.049113 0.048403 0.049024 0.048062 0.045489 0.044032 0.042189
0.052255 0.051656 0.054487 0.053286 0.054732 0.052191 0.054267 0.05465 0.054234 0.052166 0.050491 0.049834 0.048538 0.046859
0.049885 0.049893 0.051288 0.052136 0.050026 0.048494 0.049687 0.049046 0.048546 0.046843 0.047444 0.046362 0.046329 0.045356
0.050401 0.050397 0.052043 0.052327 0.051957 0.051289 0.052375 0.052004 0.051107 0.049935 0.048246 0.048043 0.047541 0.04599
0.058407 0.059156 0.060144 0.061236 0.060779 0.060382 0.060908 0.059646 0.059877 0.058735 0.057828 0.056301 0.055716 0.053217
0.065821 0.066386 0.065021 0.067333 0.065537 0.063968 0.065611 0.062734 0.061881 0.061029 0.061239 0.059979 0.058203 0.055671
0.071978 0.07089 0.070842 0.07112 0.07083 0.069755 0.070022 0.068741 0.067924 0.063821 0.061796 0.059865 0.059045 0.056265
0.06979 0.069052 0.070029 0.072258 0.069278 0.067025 0.068243 0.065993 0.063567 0.061784 0.062174 0.060275 0.060258 0.057522
0.069616 0.068279 0.07026 0.069969 0.066873 0.067893 0.068827 0.069497 0.068112 0.065134 0.061516 0.060535 0.060056 0.059433
0.069232 0.069285 0.067157 0.067454 0.068141 0.069499 0.071377 0.069624 0.070477 0.066731 0.066838 0.064006 0.062623 0.060245
0.072981 0.070737 0.073821 0.071803 0.074951 0.071202 0.074108 0.074358 0.076147 0.070901 0.067905 0.065282 0.065168 0.060594
0.069146 0.067632 0.064707 0.06734 0.064804 0.063136 0.063153 0.065762 0.065387 0.068699 0.0672 0.066367 0.068496 0.067738
0.06977 0.069769 0.070028 0.069319 0.06658 0.064957 0.066207 0.066615 0.066622 0.069831 0.0722 0.070768 0.069136 0.06775
0.063931 0.063036 0.06518 0.063387 0.064449 0.061323 0.063521 0.064552 0.066567 0.069852 0.069542 0.066717 0.066221 0.06516
0.065564 0.06531 0.065522 0.062988 0.060855 0.061943 0.064007 0.065318 0.065346 0.068958 0.071994 0.067077 0.067129 0.065743
0.063489 0.062503 0.065818 0.063077 0.062869 0.06027 0.062994 0.064067 0.065805 0.070477 0.071658 0.066757 0.067489 0.067009
0.071765 0.071803 0.071634 0.071644 0.072008 0.072311 0.074271 0.073113 0.072979 0.072081 0.07307 0.071996 0.070722 0.071283
0.067192 0.067277 0.067885 0.070856 0.068713 0.067456 0.070411 0.069613 0.069912 0.068249 0.06931 0.067603 0.068396 0.067137
0.060614 0.060539 0.05968 0.059644 0.06088 0.061717 0.062543 0.06262 0.064019 0.062764 0.062068 0.060962 0.060522 0.057446
0.059697 0.060065 0.060204 0.060797 0.061074 0.061736 0.062261 0.063386 0.064639 0.059822 0.061393 0.059009 0.058365 0.059311
0.055465 0.056565 0.055574 0.057986 0.057389 0.05654 0.057811 0.05658 0.055903 0.054937 0.055633 0.055435 0.054481 0.056053
0.051559 0.052535 0.054629 0.052327 0.053572 0.053808 0.054377 0.053901 0.053645 0.052714 0.052306 0.051838 0.052601 0.051964
0.049535 0.049672 0.051283 0.053005 0.051541 0.04979 0.051113 0.049629 0.049273 0.049784 0.051174 0.049992 0.050829 0.049099
0.051423 0.051313 0.052314 0.053198 0.051749 0.05026 0.050511 0.049702 0.048684 0.049019 0.050316 0.049254 0.049538 0.049601
0.060597 0.060319 0.060826 0.061018 0.060446 0.059466 0.060491 0.060087 0.059959 0.059361 0.059168 0.057597 0.057175 0.055828
426
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.029015 0.026327 0.027553 0.024486 0.023506 0.046681
0.03893 0.039122 0.040094 0.039654 0.033578 0.04669
0.040979 0.038807 0.038213 0.03715 0.034477 0.053469
0.046569 0.04379 0.041212 0.042322 0.039663 0.053723
0.042044 0.041554 0.043447 0.042422 0.04183 0.050935
0.045402 0.044714 0.043814 0.04277 0.041614 0.052549
0.052877 0.052188 0.049722 0.048383 0.04776 0.059366
0.054809 0.053368 0.055174 0.050936 0.050332 0.062681
0.054984 0.053668 0.053174 0.051517 0.048057 0.069226
0.053761 0.051513 0.054608 0.053454 0.050559 0.067001
0.058141 0.059873 0.061797 0.061412 0.054455 0.068497
0.060396 0.059033 0.059422 0.061369 0.058417 0.07021
0.060752 0.058665 0.058578 0.065025 0.06084 0.072216
0.067236 0.07145 0.072314 0.069902 0.064549 0.069201
0.067124 0.064941 0.068969 0.064508 0.062838 0.06981
0.069722 0.067591 0.065227 0.064977 0.059114 0.066242
0.071705 0.070343 0.069073 0.064525 0.062119 0.066818
0.070062 0.067229 0.06253 0.063725 0.059371 0.065828
0.072859 0.073853 0.071085 0.070346 0.066787 0.068228
0.06282 0.063522 0.066568 0.066719 0.062909 0.065039
0.057149 0.057727 0.057102 0.058503 0.0554 0.057838
0.060022 0.061218 0.059438 0.059787 0.056367 0.05786
0.055438 0.053762 0.05633 0.052901 0.052296 0.052357
0.052897 0.05233 0.050764 0.049789 0.049041 0.051294
0.047274 0.044415 0.047578 0.045942 0.044849 0.048518
0.046675 0.044203 0.047422 0.046427 0.045994 0.049243
0.060261
0.055371 0.054431 0.054662 0.053806 0.051028
427
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 3
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.044925 0.050323 0.047393 0.046758 0.048369 0.050124 0.050745 0.052935 0.054625 0.05414 0.056309
0.2 0.048895 0.047181 0.049232 0.047648 0.048749 0.046112 0.045282 0.045651 0.049401 0.051078 0.052549 0.054763
0.4 0.051687 0.053043 0.051283 0.052028 0.054589 0.05696 0.054744 0.055734 0.056128 0.05691 0.057398 0.060646 0.060446
0.6 0.049192 0.049779 0.051098 0.052011 0.053671 0.051551 0.052363 0.055732 0.058101 0.057849 0.058759 0.059346 0.059762
0.8 0.05419 0.047791 0.05146 0.0507 0.053829 0.052003 0.047529 0.052064 0.05143 0.055101 0.057837 0.053294 0.051695
d5 0.051129 0.05284 0.054013 0.055496 0.054555 0.053911 0.053953 0.056 0.057394 0.058669 0.058449 0.06024 0.062371
1.2 0.052884 0.056253 0.05759 0.059309 0.058149 0.057261 0.057891 0.059441 0.061734 0.06322 0.062938 0.065257 0.067968
1.4 0.056195 0.05342 0.055515 0.062033 0.060381 0.056482 0.05582 0.056521 0.058649 0.063608 0.065096 0.067079 0.067324
1.6 0.061584 0.06066 0.064995 0.064117 0.066232 0.064579 0.057778 0.062852 0.066861 0.068838 0.072474 0.070503 0.069342
1.8 0.06344 0.063377 0.059308 0.061528 0.066467 0.067646 0.064336 0.066533 0.065577 0.074226 0.073785 0.072964 0.071172
d1 0.065174 0.065459 0.063083 0.062314 0.064467 0.066679 0.064149 0.06633 0.067802 0.071015 0.071966 0.072924 0.072124
2.2 0.066056 0.063966 0.065656 0.066034 0.067044 0.067627 0.068744 0.069767 0.071957 0.073457 0.076985 0.077111 0.078114
2.4 0.062477 0.069752 0.072886 0.073447 0.071075 0.06783 0.068391 0.073841 0.07616 0.076334 0.077335 0.080856 0.085615
2.6 0.070216 0.068776 0.069292 0.069673 0.07152 0.070088 0.062215 0.069063 0.070767 0.067152 0.073291 0.070442 0.069196
2.8 0.063866 0.064244 0.061541 0.064487 0.069655 0.06988 0.070441 0.072418 0.071457 0.078234 0.079047 0.076188 0.074874
d2 0.060604 0.062528 0.064949 0.069163 0.069107 0.066654 0.066506 0.068036 0.071164 0.071203 0.075367 0.076129 0.0784
3.2 0.059 0.063333 0.061181 0.062033 0.063115 0.062994 0.064223 0.067646 0.070263 0.070137 0.073034 0.077581 0.079183
3.4 0.054872 0.058632 0.059487 0.063856 0.065351 0.06494 0.064039 0.06514 0.069335 0.072383 0.078121 0.079884 0.08139
3.6 0.052949 0.05681 0.056058 0.059526 0.06339 0.061241 0.0575 0.059718 0.064101 0.066921 0.067788 0.069437 0.070571
3.8 0.052874 0.050068 0.052763 0.053336 0.058227 0.054505 0.050518 0.05452 0.055062 0.060349 0.06884 0.065359 0.060525
d3 0.048636 0.051861 0.048748 0.051336 0.054789 0.052515 0.051564 0.052409 0.054709 0.057046 0.056804 0.061381 0.058684
4.2 0.048006 0.048403 0.0487 0.050174 0.048122 0.046419 0.049517 0.051956 0.052679 0.058413 0.062367 0.060399
4.4 0.048389 0.046901 0.044033 0.043831 0.042766 0.044246 0.04779 0.051774 0.052911 0.053271
4.6 0.043015 0.043357 0.045122 0.047192 0.048809 0.049926 0.050534 0.051508
4.8 0.041307 0.04564 0.04605 0.046506 0.047831
d4 0.045897 0.044665 0.044168
Average 0.057738 0.057595 0.057337 0.058655 0.059901 0.058168 0.0567 0.059024 0.05999 0.062396 0.063964 0.064627 0.064885
428
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.056344 0.057927 0.059542 0.060117 0.063091 0.063198 0.06279 0.067336 0.06542 0.064891 0.064948 0.068552 0.06403 0.065421
0.056145 0.056672 0.061881 0.058373 0.056694 0.05774 0.056263 0.060186 0.063596 0.058317 0.060074 0.060355 0.056691 0.057555
0.062025 0.062496 0.06404 0.064262 0.063089 0.065008 0.064843 0.063469 0.063892 0.067462 0.06523 0.064424 0.0607 0.061878
0.053223 0.060891 0.061295 0.0597 0.06557 0.062224 0.0601 0.065025 0.07 0.069527 0.066332 0.0643 0.063592 0.067036
0.056313 0.05809 0.057652 0.057818 0.056557 0.057299 0.058602 0.054466 0.057376 0.054817 0.05514 0.056641 0.056447 0.061917
0.068427 0.068606 0.063194 0.060076 0.06107 0.060623 0.065581 0.060372 0.062167 0.060138 0.061464 0.062456 0.064439 0.064987
0.0756 0.077164 0.070408 0.066866 0.068197 0.067405 0.072639 0.069056 0.070386 0.068264 0.06982 0.070949 0.073156 0.073162
0.067809 0.069407 0.070719 0.071295 0.075658 0.075966 0.076707 0.08243 0.08002 0.079875 0.080654 0.086638 0.080058 0.08434
0.075299 0.078418 0.077509 0.079724 0.079327 0.079722 0.081461 0.078688 0.080505 0.078222 0.078977 0.07941 0.079554 0.084253
0.072479 0.074137 0.075379 0.076367 0.075427 0.077043 0.077562 0.074408 0.075645 0.077114 0.074899 0.079735 0.075498 0.08019
0.068603 0.073703 0.078782 0.075882 0.082715 0.077352 0.077832 0.087047 0.088091 0.087391 0.086341 0.081672 0.082318 0.080348
0.077796 0.07858 0.076703 0.077528 0.080166 0.082326 0.0831 0.090803 0.089923 0.08837 0.090584 0.094156 0.092715 0.098046
0.086277 0.093176 0.086825 0.078462 0.085105 0.082234 0.086696 0.07884 0.089252 0.08283 0.085483 0.087011 0.085953 0.091956
0.074565 0.0768 0.077688 0.074379 0.077056 0.0755 0.07455 0.073433 0.071824 0.072891 0.077691 0.077492 0.075887 0.07899
0.075849 0.076588 0.077984 0.078289 0.07714 0.077388 0.077974 0.073273 0.074917 0.075929 0.076086 0.079637 0.076336 0.081838
0.073715 0.077721 0.079924 0.074913 0.074359 0.077951 0.074013 0.073925 0.081946 0.077434 0.080137 0.083897 0.076849 0.083292
0.087094 0.08604 0.080339 0.075 0.07439 0.076957 0.082014 0.072718 0.075958 0.074081 0.076899 0.077623 0.077192 0.078263
0.075889 0.08059 0.081682 0.076958 0.076183 0.07919 0.07368 0.075948 0.084416 0.077648 0.078443 0.082342 0.075764 0.082552
0.072559 0.074836 0.076001 0.076145 0.075389 0.074874 0.074875 0.071185 0.073431 0.077868 0.07559 0.076331 0.073961 0.077203
0.065103 0.069017 0.070181 0.06956 0.067434 0.069572 0.070754 0.068006 0.071706 0.069794 0.069703 0.070991 0.070703 0.079215
0.057837 0.059824 0.062684 0.061323 0.061411 0.063125 0.063598 0.062374 0.063078 0.068278 0.065951 0.065333 0.061321 0.061981
0.068269 0.070489 0.068181 0.062922 0.061468 0.063332 0.067694 0.063722 0.067757 0.066327 0.067175 0.066831 0.067237 0.070059
0.054371 0.055375 0.061816 0.059901 0.0572 0.057552 0.057978 0.059938 0.066862 0.062641 0.062093 0.065323 0.059806 0.061854
0.051968 0.053676 0.052295 0.052601 0.05454 0.056995 0.05607 0.060126 0.059733 0.059087 0.061225 0.06365 0.065751 0.068637
0.051815 0.053019 0.052931 0.050243 0.050178 0.052106 0.055049 0.049976 0.053571 0.05058 0.052505 0.055366 0.05669 0.059979
0.047797 0.049683 0.050447 0.051007 0.049545 0.050558 0.051012 0.048019 0.050736 0.048893 0.049692 0.051487 0.051381 0.056923
0.06666 0.068959 0.06908 0.067297 0.068037 0.068586 0.069363 0.068645 0.071239 0.069949 0.070505 0.072023 0.070155 0.073534
429
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.061574 0.065125 0.057256 0.05764 0.063156 0.061706 0.060295 0.05998 0.058783 0.054725 0.054744 0.053515 0.056109 0.05111
0.053365 0.052668 0.052162 0.066497 0.067934 0.062579 0.060704 0.061549 0.062702 0.060387 0.055561 0.05349 0.051348 0.051226
0.062278 0.065658 0.063914 0.063427 0.061096 0.060167 0.06082 0.060659 0.059721 0.062369 0.057911 0.059484 0.057634 0.054758
0.067611 0.064876 0.066532 0.063158 0.059994 0.061756 0.06173 0.064566 0.059689 0.062492 0.06848 0.077901 0.071912 0.057488
0.062656 0.059156 0.057762 0.05838 0.057009 0.053339 0.053666 0.056748 0.057519 0.056902 0.056638 0.055107 0.053657 0.055212
0.064737 0.062336 0.063112 0.064294 0.058193 0.058885 0.056864 0.059425 0.059084 0.061329 0.058749 0.057775 0.059378 0.054021
0.073591 0.070641 0.07116 0.072073 0.066467 0.068117 0.066074 0.069214 0.067303 0.070782 0.067851 0.066319 0.068545 0.063767
0.078908 0.083218 0.073423 0.073452 0.08025 0.079292 0.077622 0.078488 0.079189 0.072804 0.071822 0.070516 0.07504 0.071696
0.086488 0.08317 0.085453 0.085003 0.081024 0.08107 0.078507 0.079184 0.078812 0.083112 0.084134 0.080725 0.078794 0.079911
0.084221 0.084544 0.079752 0.074481 0.079015 0.069514 0.070096 0.074608 0.073003 0.07612 0.076547 0.077814 0.075215 0.073082
0.080718 0.083107 0.086208 0.080269 0.076528 0.07733 0.077192 0.08465 0.084025 0.084444 0.090019 0.102443 0.091841 0.076911
0.089838 0.098635 0.086594 0.083962 0.083675 0.086437 0.088552 0.086578 0.088776 0.085717 0.08083 0.084721 0.084469 0.078945
0.093462 0.085677 0.087985 0.084483 0.077954 0.083007 0.082476 0.08547 0.077977 0.086857 0.084763 0.087115 0.091521 0.075001
0.077982 0.076958 0.078827 0.076894 0.072762 0.074142 0.071366 0.078742 0.07821 0.075961 0.075352 0.077171 0.075584 0.070548
0.083567 0.084086 0.079474 0.075486 0.079884 0.071405 0.072161 0.0769 0.076261 0.075808 0.075601 0.07702 0.075813 0.071272
0.080683 0.076874 0.074688 0.082503 0.085942 0.08334 0.083218 0.080232 0.078032 0.078357 0.078427 0.077161 0.076067 0.069099
0.077736 0.080927 0.081166 0.078002 0.06996 0.074635 0.073003 0.07456 0.075405 0.080362 0.074365 0.073981 0.076228 0.068036
0.079614 0.07417 0.071852 0.084364 0.085664 0.081788 0.08025 0.07973 0.077163 0.07786 0.076997 0.076951 0.075506 0.070542
0.081476 0.079986 0.079409 0.071374 0.071689 0.068491 0.068808 0.071414 0.069481 0.071863 0.072332 0.075778 0.075443 0.072726
0.080311 0.075489 0.074461 0.074124 0.074965 0.070265 0.070985 0.072034 0.072473 0.07251 0.074434 0.074149 0.072809 0.072739
0.063044 0.067674 0.066025 0.062511 0.06121 0.060846 0.06337 0.062399 0.061915 0.065062 0.061267 0.064316 0.064174 0.060353
0.070025 0.069614 0.070831 0.069453 0.061508 0.066328 0.065569 0.0648 0.06528 0.070553 0.066232 0.066045 0.067919 0.062902
0.05942 0.059004 0.05761 0.066011 0.071844 0.065826 0.062792 0.062263 0.06496 0.061405 0.061434 0.060958 0.062214 0.05894
0.064713 0.065813 0.058948 0.058372 0.062598 0.061228 0.062186 0.06169 0.062927 0.061256 0.061473 0.058876 0.060826 0.057574
0.060116 0.057674 0.056185 0.055237 0.056398 0.052912 0.053571 0.056048 0.056451 0.058151 0.057848 0.056112 0.057119 0.053856
0.057429 0.054741 0.054257 0.054677 0.053929 0.050499 0.051717 0.054369 0.05424 0.054614 0.056333 0.054857 0.052955 0.053986
0.072906 0.072378 0.070579 0.07062 0.070025 0.06865 0.068215 0.069858 0.069207 0.070069 0.069236 0.070012 0.069543 0.064835
430
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.049158 0.050908 0.048231 0.047718 0.049081 0.047554 0.044897 0.042743 0.041756 0.043171 0.040658 0.039853 0.036475 0.034782
0.047186 0.045342 0.04822 0.047825 0.04982 0.048879 0.045296 0.04892 0.04668 0.042963 0.042633 0.04466 0.044503 0.044946
0.055464 0.054162 0.055908 0.05535 0.05818 0.055837 0.054634 0.052009 0.050373 0.053813 0.055694 0.04638 0.048927 0.046579
0.054613 0.059085 0.054505 0.054153 0.056408 0.053581 0.055344 0.056016 0.060128 0.058619 0.056059 0.053804 0.051729 0.052478
0.053144 0.053741 0.056461 0.056834 0.053959 0.05184 0.052416 0.052638 0.05142 0.049992 0.051231 0.048576 0.047483 0.049856
0.056139 0.056836 0.06244 0.05708 0.056228 0.057374 0.0605 0.061432 0.060231 0.057224 0.054632 0.053943 0.053453 0.053437
0.065056 0.066714 0.072159 0.066798 0.065776 0.067546 0.070356 0.07046 0.070567 0.06731 0.065483 0.063214 0.062644 0.061835
0.069209 0.072045 0.070792 0.070699 0.072113 0.070917 0.070921 0.067978 0.06737 0.069624 0.06912 0.068666 0.065057 0.062027
0.076681 0.076358 0.077988 0.07753 0.076397 0.074568 0.073868 0.073774 0.071946 0.068112 0.066728 0.062723 0.060515 0.061847
0.072152 0.070465 0.074903 0.077449 0.077285 0.072914 0.074872 0.069884 0.066153 0.067821 0.072047 0.061455 0.066957 0.063508
0.072758 0.078099 0.070283 0.071108 0.068921 0.069701 0.070192 0.071234 0.075514 0.073191 0.068301 0.065356 0.064004 0.066559
0.072795 0.075191 0.073117 0.070826 0.074978 0.077049 0.077153 0.075444 0.076728 0.076128 0.075439 0.073275 0.069997 0.067124
0.081289 0.079774 0.088569 0.078325 0.081112 0.07965 0.085604 0.087839 0.089742 0.081252 0.076893 0.073299 0.073271 0.070406
0.073663 0.072849 0.071234 0.073409 0.069898 0.067492 0.066621 0.070578 0.069258 0.073318 0.072563 0.069535 0.070201 0.074459
0.072131 0.071196 0.074903 0.0743 0.074275 0.070664 0.072638 0.070543 0.069333 0.076654 0.083665 0.072153 0.076821 0.0748
0.066143 0.064132 0.069283 0.067537 0.070964 0.066669 0.06718 0.074228 0.074827 0.071022 0.072408 0.06934 0.069382 0.070254
0.073028 0.073654 0.078612 0.06871 0.065857 0.069292 0.073936 0.077161 0.077013 0.079024 0.081523 0.075314 0.075476 0.076388
0.065685 0.063589 0.069962 0.067207 0.069224 0.065523 0.066622 0.07367 0.07397 0.071657 0.074611 0.069382 0.070711 0.072247
0.074193 0.073272 0.07662 0.076792 0.080331 0.078664 0.081485 0.077424 0.075949 0.079123 0.084673 0.073405 0.078584 0.078701
0.071582 0.072466 0.074733 0.077241 0.074114 0.07211 0.074278 0.074711 0.074051 0.072838 0.074842 0.07083 0.070099 0.073798
0.062665 0.061777 0.063834 0.063929 0.067916 0.067139 0.068619 0.066312 0.066624 0.068896 0.071924 0.062156 0.067249 0.063424
0.066494 0.067739 0.072231 0.066319 0.066095 0.06906 0.071919 0.074878 0.076179 0.068555 0.06952 0.066255 0.065622 0.068915
0.057384 0.057548 0.059072 0.061783 0.06319 0.061469 0.061141 0.06506 0.062839 0.055857 0.057926 0.057615 0.057082 0.060435
0.054213 0.057014 0.059478 0.054943 0.058948 0.059653 0.058777 0.058406 0.058403 0.060137 0.059037 0.059345 0.058795 0.057898
0.055175 0.056018 0.061529 0.05782 0.055778 0.055697 0.059042 0.058626 0.05807 0.057052 0.057948 0.056131 0.057149 0.05705
0.054783 0.055271 0.057591 0.057992 0.055816 0.053729 0.053285 0.053342 0.051567 0.052315 0.054332 0.051605 0.050772 0.054522
0.064338 0.064817 0.067025 0.065372 0.065872 0.064791 0.065831 0.066358 0.066027 0.065218 0.065765 0.061856 0.062037 0.062241
431
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.032292 0.030273 0.031889 0.028493 0.028431 0.052144
0.044409 0.044246 0.045365 0.047728 0.037434 0.05231
0.046408 0.044539 0.042843 0.039238 0.03611 0.056946
0.051791 0.051921 0.040741 0.042741 0.04623 0.058603
0.046381 0.046228 0.047744 0.044766 0.044568 0.053851
0.053577 0.059772 0.054704 0.054464 0.055458 0.058829
0.062398 0.069763 0.062081 0.061612 0.063649 0.066505
0.061001 0.061367 0.063856 0.059271 0.060878 0.069972
0.060656 0.059704 0.058434 0.054364 0.051202 0.073178
0.060884 0.059121 0.061225 0.056459 0.052953 0.071379
0.06466 0.07099 0.061091 0.06202 0.063471 0.074745
0.067219 0.067881 0.068773 0.071412 0.070657 0.07837
0.071692 0.078421 0.073139 0.082803 0.081081 0.0809
0.074172 0.079486 0.079467 0.073765 0.068774 0.073195
0.076018 0.074532 0.077326 0.068134 0.065814 0.074437
0.079534 0.076444 0.073802 0.078205 0.065903 0.074029
0.084617 0.094032 0.086243 0.082167 0.082785 0.075025
0.079921 0.076035 0.07075 0.076699 0.06619 0.07358
0.082513 0.084761 0.079699 0.0743 0.06995 0.072783
0.069301 0.070666 0.073153 0.070407 0.067026 0.068811
0.064721 0.066253 0.064021 0.061792 0.058024 0.061667
0.07083 0.081833 0.074212 0.076134 0.075119 0.065112
0.06324 0.060804 0.063735 0.063671 0.058303 0.058622
0.058873 0.060173 0.058752 0.057937 0.059317 0.057534
0.055786 0.059372 0.059404 0.058504 0.05977 0.054903
0.05149 0.049175 0.052113 0.048993 0.049004 0.052164
0.065967
0.062861 0.06453 0.062483 0.061388 0.059158
432
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 4
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.04582 0.050824 0.04928 0.050016 0.052221 0.054615 0.053776 0.054516 0.059831 0.059265 0.060522
0.2 0.049559 0.047715 0.049777 0.047482 0.047101 0.046016 0.04629 0.045389 0.049216 0.048439 0.05029 0.060095
0.4 0.056323 0.056215 0.053835 0.056171 0.058392 0.059228 0.055834 0.058508 0.056686 0.060309 0.057805 0.06402 0.064327
0.6 0.051643 0.052755 0.052116 0.052529 0.055808 0.055143 0.056533 0.060725 0.061571 0.059576 0.064359 0.064964 0.064233
0.8 0.055358 0.04777 0.05358 0.050461 0.054448 0.054482 0.048253 0.053208 0.052824 0.058206 0.058852 0.055114 0.053423
d5 0.055715 0.055999 0.056701 0.059915 0.058356 0.056058 0.055027 0.058787 0.057966 0.062173 0.058864 0.063592 0.066375
1.2 0.055519 0.057374 0.058163 0.06167 0.0622 0.061821 0.063078 0.062991 0.063578 0.064478 0.066182 0.068615 0.070395
1.4 0.057406 0.053397 0.057803 0.061741 0.061076 0.059176 0.05667 0.057763 0.060238 0.067194 0.066238 0.06937 0.069575
1.6 0.062461 0.060828 0.066688 0.067676 0.068239 0.065271 0.055764 0.062538 0.066203 0.0699 0.076513 0.075257 0.072245
1.8 0.064487 0.064237 0.059979 0.062208 0.066236 0.065359 0.064202 0.068013 0.065201 0.073948 0.069972 0.069828 0.078101
d1 0.068422 0.066764 0.063711 0.064795 0.068959 0.071989 0.069896 0.070291 0.069827 0.072429 0.075675 0.076676 0.0747
2.2 0.07198 0.067791 0.068924 0.071292 0.071716 0.07032 0.070113 0.073239 0.072673 0.077844 0.077531 0.081403 0.08313
2.4 0.06559 0.073922 0.074337 0.074179 0.073905 0.072556 0.073837 0.080457 0.080709 0.078614 0.084705 0.088511 0.09202
2.6 0.071375 0.069709 0.070076 0.070443 0.071272 0.067719 0.062086 0.070599 0.070361 0.0669 0.069504 0.067414 0.075933
2.8 0.064775 0.064423 0.063145 0.068066 0.071765 0.070628 0.067985 0.072056 0.070753 0.079439 0.083452 0.081324 0.078008
d2 0.061467 0.062701 0.066641 0.073001 0.071201 0.067368 0.064188 0.067696 0.070463 0.072301 0.079567 0.081261 0.081682
3.2 0.05984 0.063509 0.062775 0.065476 0.065027 0.063669 0.061984 0.067308 0.069571 0.071218 0.077104 0.082811 0.082498
3.4 0.059793 0.062138 0.062448 0.068941 0.069905 0.067525 0.065314 0.068382 0.070025 0.076706 0.078676 0.08433 0.086616
3.6 0.053823 0.057581 0.056692 0.060184 0.063169 0.05917 0.05738 0.061047 0.063734 0.06667 0.064285 0.066452 0.077441
3.8 0.055509 0.051066 0.053288 0.05546 0.062284 0.058846 0.055044 0.057776 0.056707 0.06155 0.072389 0.068722 0.062687
d3 0.049684 0.051838 0.050756 0.051094 0.055419 0.055019 0.05235 0.053561 0.056191 0.060261 0.0578 0.063478 0.060645
4.2 0.048139 0.049664 0.051403 0.051694 0.048638 0.044801 0.04927 0.051444 0.053491 0.061668 0.066572 0.062928
4.4 0.048161 0.04744 0.046133 0.044499 0.043706 0.045444 0.050484 0.052683 0.054718 0.055052
4.6 0.041561 0.043267 0.046126 0.046921 0.048626 0.047346 0.048362 0.056522
4.8 0.043774 0.047003 0.050438 0.050908 0.051409
d4 0.043525 0.042745 0.048468
Average 0.060061 0.058939 0.058857 0.060672 0.061969 0.059783 0.057764 0.06104 0.060881 0.064122 0.065516 0.067154 0.068809
433
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.059277 0.060938 0.06145 0.061469 0.06651 0.066424 0.066448 0.072062 0.070924 0.069811 0.070758 0.072466 0.065959 0.067112
0.059607 0.05868 0.064095 0.060128 0.059322 0.058839 0.057066 0.057756 0.063162 0.057149 0.058897 0.059801 0.055941 0.056899
0.067819 0.068058 0.065297 0.064503 0.063279 0.064875 0.065926 0.065142 0.066693 0.069997 0.068709 0.066558 0.064247 0.066374
0.055993 0.064056 0.06326 0.061043 0.069124 0.0654 0.063601 0.069588 0.07589 0.074799 0.072267 0.06797 0.065508 0.068769
0.058418 0.061117 0.059913 0.06049 0.06007 0.060388 0.061046 0.052574 0.055576 0.054908 0.055996 0.057568 0.059222 0.063197
0.074819 0.074713 0.064435 0.060301 0.061254 0.0605 0.066677 0.061963 0.064892 0.062397 0.064742 0.064524 0.068205 0.069709
0.075457 0.076298 0.071919 0.069005 0.070495 0.069838 0.073663 0.074729 0.076708 0.072876 0.071553 0.072555 0.074682 0.076872
0.070344 0.073024 0.073492 0.074589 0.080357 0.080061 0.079906 0.079566 0.07751 0.080007 0.081905 0.088055 0.083995 0.086083
0.079538 0.084136 0.08173 0.084173 0.08153 0.082481 0.084241 0.08428 0.092181 0.081992 0.08422 0.087411 0.083908 0.090311
0.076949 0.076764 0.078076 0.078663 0.078923 0.07851 0.078668 0.071405 0.075128 0.07557 0.073431 0.079004 0.0745 0.079276
0.068473 0.072876 0.080473 0.078309 0.085503 0.080145 0.078929 0.094197 0.096003 0.093296 0.088484 0.083521 0.084036 0.084422
0.085063 0.085574 0.078209 0.077819 0.080408 0.082158 0.084488 0.093196 0.093865 0.09169 0.095414 0.097273 0.098134 0.10517
0.090768 0.098019 0.089608 0.080228 0.089717 0.086431 0.091746 0.084373 0.096762 0.089111 0.093132 0.091979 0.088542 0.094333
0.079163 0.079521 0.080468 0.076615 0.080627 0.076937 0.075613 0.070469 0.071333 0.071432 0.076168 0.076782 0.074884 0.07809
0.080119 0.082173 0.082231 0.082658 0.079281 0.080066 0.080635 0.07848 0.085783 0.079589 0.081137 0.087661 0.080513 0.087722
0.077865 0.083388 0.084277 0.079093 0.076423 0.080649 0.076538 0.079179 0.093831 0.081166 0.085458 0.09235 0.081055 0.089281
0.091998 0.092314 0.084715 0.079184 0.076455 0.07962 0.084812 0.077886 0.086975 0.077652 0.082005 0.085444 0.081416 0.08389
0.082978 0.087763 0.083286 0.077247 0.076413 0.079029 0.074911 0.07795 0.088117 0.080565 0.082627 0.085068 0.080193 0.08855
0.077032 0.077487 0.078721 0.078434 0.078883 0.076299 0.075943 0.068312 0.07293 0.076309 0.074108 0.07563 0.072983 0.076324
0.06498 0.068243 0.071687 0.071784 0.069707 0.072084 0.071751 0.073592 0.078147 0.07451 0.071433 0.072599 0.072179 0.083231
0.059999 0.062942 0.065143 0.064156 0.065225 0.066528 0.066251 0.060208 0.061099 0.068391 0.066974 0.066402 0.064336 0.063262
0.072113 0.075629 0.071895 0.066433 0.063174 0.065524 0.070004 0.068251 0.077584 0.069524 0.071636 0.073565 0.070917 0.075096
0.056403 0.058261 0.064241 0.062669 0.060753 0.060654 0.060397 0.057856 0.064765 0.062745 0.063056 0.066393 0.062747 0.063132
0.055172 0.055578 0.054167 0.054182 0.057068 0.05808 0.056869 0.057699 0.059325 0.057904 0.060025 0.063066 0.064882 0.067855
0.054512 0.055775 0.054627 0.051374 0.052897 0.054765 0.058255 0.053483 0.058078 0.054416 0.057203 0.058527 0.058398 0.061529
0.050744 0.051443 0.052252 0.05254 0.051841 0.05152 0.05174 0.046081 0.050389 0.047914 0.048719 0.051015 0.050701 0.056274
0.070216 0.072491 0.071526 0.069503 0.070586 0.070685 0.071389 0.070395 0.07514 0.072143 0.073079 0.074738 0.072388 0.07626
434
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.064246 0.068083 0.060241 0.059753 0.06684 0.063576 0.064437 0.064365 0.0622 0.05619 0.056465 0.057923 0.062271 0.05207
0.053727 0.053677 0.052569 0.064017 0.066154 0.060399 0.058028 0.06021 0.063553 0.060953 0.054963 0.054476 0.052433 0.052216
0.0675 0.068886 0.066626 0.070752 0.066651 0.061731 0.063662 0.062046 0.065012 0.068219 0.06451 0.062721 0.061271 0.056535
0.070544 0.067823 0.070001 0.065473 0.063493 0.063627 0.06597 0.069286 0.063158 0.064165 0.070633 0.084317 0.079809 0.058568
0.064235 0.060312 0.058565 0.055335 0.054389 0.050883 0.051555 0.053924 0.055349 0.056557 0.056714 0.054946 0.053449 0.05271
0.070166 0.065401 0.065789 0.071719 0.063485 0.060416 0.059521 0.060784 0.064318 0.067082 0.065444 0.060919 0.063125 0.055774
0.075932 0.075 0.076084 0.073234 0.069836 0.065222 0.062694 0.065642 0.0663 0.07038 0.065502 0.065043 0.075041 0.068273
0.080897 0.084844 0.074443 0.06962 0.076563 0.07564 0.074568 0.074582 0.076202 0.072363 0.071917 0.07031 0.074749 0.068447
0.089318 0.085189 0.087752 0.096108 0.091738 0.090655 0.086805 0.085374 0.088156 0.089571 0.091274 0.08405 0.081807 0.084505
0.084792 0.086164 0.080375 0.071704 0.076945 0.067092 0.067005 0.072985 0.073993 0.076833 0.075723 0.079249 0.076803 0.074496
0.083285 0.088235 0.092175 0.081561 0.080408 0.074043 0.073243 0.080282 0.082773 0.083964 0.086903 0.100471 0.100546 0.082346
0.097371 0.103484 0.090267 0.093659 0.091283 0.088684 0.09269 0.088558 0.09664 0.093757 0.090041 0.089331 0.089799 0.081507
0.097517 0.089569 0.092572 0.087581 0.082501 0.085521 0.088141 0.091718 0.082509 0.089181 0.087427 0.09429 0.101572 0.07641
0.078511 0.078433 0.079442 0.074027 0.070855 0.071559 0.06822 0.07703 0.079271 0.076673 0.074541 0.078594 0.07718 0.071913
0.086302 0.086127 0.081612 0.085348 0.090447 0.079847 0.079788 0.082911 0.085301 0.081699 0.082016 0.080192 0.078712 0.075369
0.083323 0.078741 0.076698 0.093281 0.097306 0.093193 0.092014 0.086503 0.087282 0.084447 0.085082 0.08034 0.078976 0.073071
0.08028 0.082892 0.083349 0.088192 0.079211 0.083459 0.08072 0.080389 0.084344 0.086607 0.080675 0.077028 0.079143 0.071947
0.08629 0.077816 0.0749 0.094107 0.093453 0.083914 0.084 0.081553 0.083999 0.085163 0.085772 0.081137 0.080272 0.072832
0.08203 0.081519 0.080029 0.068712 0.069811 0.066104 0.065774 0.069861 0.070423 0.072536 0.071553 0.077174 0.077036 0.074133
0.082865 0.080147 0.079615 0.075317 0.078765 0.067279 0.067354 0.068316 0.071393 0.072098 0.071858 0.072722 0.07971 0.077879
0.064634 0.068997 0.066942 0.05925 0.058397 0.058044 0.060877 0.059294 0.059579 0.064668 0.061348 0.064129 0.063925 0.057618
0.072316 0.071304 0.072736 0.078527 0.069641 0.07417 0.0725 0.069866 0.073019 0.076036 0.071853 0.068765 0.070517 0.066518
0.060918 0.060157 0.05841 0.062567 0.068543 0.062795 0.060322 0.059164 0.062509 0.061033 0.061515 0.06078 0.061973 0.056269
0.065152 0.067075 0.059408 0.056195 0.060958 0.059095 0.059444 0.060348 0.063781 0.06183 0.060811 0.059962 0.06211 0.058688
0.062724 0.060294 0.059115 0.057262 0.059688 0.054515 0.057251 0.060145 0.059732 0.059707 0.059666 0.060734 0.063392 0.054868
0.057819 0.05579 0.05468 0.052639 0.052516 0.048739 0.049437 0.053186 0.054976 0.055125 0.055727 0.055868 0.054073 0.05503
0.075488 0.074845 0.072861 0.073305 0.073072 0.069623 0.069462 0.070705 0.072145 0.072571 0.071536 0.072133 0.073065 0.066538
435
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.051636 0.052972 0.049915 0.050229 0.051221 0.048154 0.04603 0.043511 0.042649 0.04579 0.042949 0.043017 0.037837 0.036345
0.048629 0.046577 0.049655 0.048137 0.050773 0.050019 0.046156 0.049244 0.04774 0.044217 0.043478 0.046312 0.046836 0.048755
0.056346 0.057256 0.058676 0.053765 0.060173 0.059187 0.056905 0.055291 0.052743 0.055621 0.057645 0.047926 0.051063 0.053405
0.057367 0.06148 0.056408 0.057003 0.058868 0.054257 0.05674 0.057023 0.061413 0.062175 0.059218 0.058076 0.053661 0.054837
0.052773 0.053745 0.057258 0.060231 0.057724 0.054339 0.054381 0.05299 0.052033 0.053173 0.056635 0.049846 0.050484 0.051749
0.057032 0.060082 0.065532 0.055446 0.058154 0.060817 0.063015 0.065309 0.063065 0.059146 0.056547 0.055741 0.055787 0.061268
0.065616 0.064808 0.073427 0.065273 0.065532 0.065493 0.071422 0.073964 0.074738 0.072377 0.071093 0.067448 0.065089 0.065036
0.068725 0.07205 0.071791 0.074923 0.077144 0.074335 0.073579 0.068433 0.068173 0.074054 0.076411 0.070462 0.069169 0.064383
0.074878 0.073465 0.073709 0.078591 0.077786 0.075161 0.074567 0.073537 0.07317 0.069984 0.065533 0.063341 0.061993 0.064658
0.074359 0.072384 0.077132 0.077955 0.078764 0.074613 0.076293 0.070346 0.067655 0.069801 0.073473 0.063728 0.070467 0.06889
0.073384 0.075867 0.071518 0.069484 0.068665 0.067583 0.071255 0.074777 0.079978 0.078701 0.074152 0.069734 0.066501 0.070006
0.073953 0.079486 0.076738 0.068799 0.077547 0.081672 0.08036 0.080205 0.080338 0.078685 0.078083 0.075718 0.073053 0.07696
0.085388 0.083008 0.091661 0.082446 0.084649 0.080654 0.087763 0.089418 0.09166 0.08618 0.081225 0.079119 0.076007 0.07357
0.075916 0.074834 0.073353 0.073889 0.071236 0.069065 0.067886 0.071045 0.07083 0.075459 0.074001 0.072107 0.073882 0.080769
0.070436 0.068499 0.070794 0.075316 0.075625 0.071225 0.073325 0.070316 0.070513 0.078761 0.082166 0.072864 0.078697 0.078201
0.064588 0.061702 0.065482 0.068462 0.072254 0.067199 0.067816 0.073989 0.076101 0.072975 0.07111 0.070022 0.071077 0.073448
0.071312 0.070864 0.0743 0.06965 0.067054 0.069842 0.074636 0.076912 0.078323 0.081197 0.080062 0.076055 0.077319 0.079861
0.06673 0.067221 0.073426 0.065283 0.071596 0.069455 0.069392 0.07832 0.077451 0.074064 0.077225 0.071695 0.073799 0.082834
0.076463 0.075268 0.0789 0.077293 0.081869 0.080498 0.083032 0.077937 0.077673 0.081434 0.08635 0.076121 0.082704 0.08537
0.072198 0.070396 0.076046 0.075478 0.073839 0.069919 0.075402 0.078426 0.078428 0.078321 0.081254 0.075574 0.072835 0.077619
0.062227 0.061782 0.064735 0.067749 0.072655 0.070375 0.071191 0.066756 0.067419 0.07328 0.079511 0.063782 0.071499 0.065832
0.064931 0.065172 0.068268 0.067227 0.067297 0.069609 0.0726 0.074637 0.077476 0.07044 0.068274 0.066907 0.067224 0.072048
0.056983 0.057552 0.059905 0.065475 0.0676 0.064432 0.063433 0.065496 0.063589 0.059411 0.064036 0.059122 0.060689 0.06273
0.055871 0.058567 0.061247 0.055302 0.060076 0.061044 0.059893 0.058792 0.059728 0.061893 0.060206 0.06154 0.061877 0.062805
0.057957 0.058289 0.063677 0.060862 0.05821 0.0564 0.060532 0.05968 0.059311 0.060512 0.061212 0.060588 0.059284 0.059614
0.056458 0.056776 0.059305 0.058371 0.056885 0.054981 0.054296 0.053695 0.052737 0.053843 0.055408 0.053514 0.053434 0.059142
0.065083 0.065388 0.067802 0.066255 0.067815 0.066166 0.067381 0.067694 0.067882 0.068134 0.068356 0.064245 0.064703 0.066544
436
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.033983 0.031688 0.034304 0.029384 0.029897 0.05487
0.048492 0.045557 0.045853 0.048088 0.039128 0.052809
0.050722 0.04834 0.045691 0.043315 0.04181 0.059952
0.054502 0.054349 0.043827 0.044076 0.048613 0.061666
0.049261 0.049178 0.050614 0.045317 0.045814 0.054882
0.058558 0.064873 0.058341 0.060123 0.064213 0.062027
0.065191 0.073545 0.069281 0.068203 0.068475 0.068715
0.064788 0.065283 0.067693 0.060001 0.06258 0.071261
0.062533 0.062174 0.060362 0.055676 0.052532 0.076294
0.066481 0.060873 0.061884 0.056885 0.055349 0.072135
0.067554 0.074838 0.068177 0.068655 0.068284 0.077202
0.073468 0.073674 0.073344 0.078832 0.081811 0.082604
0.075445 0.082088 0.078679 0.085391 0.085261 0.08507
0.080991 0.081842 0.080322 0.074322 0.071885 0.074023
0.078369 0.077616 0.079878 0.069778 0.067523 0.077491
0.081994 0.079606 0.076238 0.080092 0.067614 0.077202
0.087235 0.097921 0.089089 0.084149 0.084934 0.078102
0.087351 0.082524 0.075453 0.084668 0.076639 0.077597
0.090099 0.087273 0.080556 0.074861 0.073114 0.073676
0.072403 0.074497 0.081638 0.077938 0.072109 0.071115
0.068739 0.070482 0.067869 0.062552 0.059646 0.062913
0.073021 0.085218 0.076662 0.077971 0.077069 0.067811
0.067166 0.064685 0.067566 0.064455 0.059933 0.059712
0.064286 0.061956 0.059384 0.058374 0.062 0.058187
0.058707 0.062148 0.063903 0.060332 0.062851 0.057703
0.056224 0.050633 0.052674 0.049363 0.051221 0.05285
0.068223
0.066829 0.067802 0.065742 0.063954 0.062704
437
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 5
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.046805 0.052416 0.049371 0.0506 0.052317 0.05418 0.053875 0.055152 0.064271 0.06338 0.062367
0.2 0.047996 0.047183 0.049641 0.04919 0.050362 0.047646 0.047329 0.04853 0.051952 0.046667 0.047981 0.0601
0.4 0.053872 0.055811 0.051563 0.055514 0.057259 0.060496 0.05438 0.056833 0.056888 0.059261 0.05811 0.064102 0.065364
0.6 0.049395 0.052377 0.049916 0.051914 0.054725 0.056324 0.05506 0.058987 0.061791 0.058541 0.064698 0.065047 0.065268
0.8 0.051585 0.045566 0.055933 0.051442 0.055105 0.054408 0.048711 0.0526 0.052056 0.055594 0.05963 0.054438 0.054275
d5 0.055818 0.057203 0.058477 0.061792 0.060184 0.056713 0.054589 0.059474 0.059212 0.061678 0.056282 0.060942 0.063368
1.2 0.052829 0.055564 0.057515 0.061502 0.064438 0.066102 0.065311 0.064405 0.067977 0.068063 0.063761 0.065464 0.070401
1.4 0.057513 0.054545 0.059613 0.063675 0.062989 0.059867 0.056219 0.058438 0.061533 0.066658 0.063332 0.066479 0.066423
1.6 0.061963 0.060941 0.068122 0.069796 0.068366 0.066033 0.055867 0.06204 0.066326 0.070716 0.082191 0.080482 0.074448
1.8 0.061363 0.06221 0.059311 0.062039 0.068619 0.069884 0.066476 0.069539 0.069713 0.078059 0.067413 0.066622 0.078108
d1 0.069893 0.066888 0.064455 0.064915 0.070442 0.074244 0.070712 0.069731 0.06927 0.073274 0.077043 0.075912 0.075478
2.2 0.073528 0.067917 0.069729 0.071425 0.073257 0.072522 0.070932 0.072656 0.072094 0.078754 0.078933 0.080591 0.083996
2.4 0.061119 0.070512 0.077602 0.075621 0.074798 0.072457 0.074537 0.079537 0.079535 0.075085 0.085825 0.087425 0.093489
2.6 0.070806 0.069839 0.071583 0.072649 0.071404 0.06851 0.062201 0.070037 0.070492 0.067682 0.074662 0.072095 0.078248
2.8 0.061956 0.063961 0.060479 0.067269 0.070373 0.07214 0.066214 0.069994 0.071005 0.078059 0.083892 0.081428 0.079265
d2 0.057278 0.059809 0.069568 0.074421 0.072062 0.067276 0.064796 0.066922 0.069439 0.069055 0.080619 0.080264 0.082986
3.2 0.059951 0.064874 0.064742 0.067527 0.067064 0.064412 0.06149 0.068094 0.071067 0.070651 0.073722 0.07936 0.07876
3.4 0.059317 0.062253 0.06379 0.071101 0.070035 0.068314 0.065436 0.067837 0.070155 0.077602 0.084514 0.090185 0.089257
3.6 0.051481 0.057168 0.054299 0.05948 0.061944 0.060437 0.055886 0.0593 0.063961 0.065511 0.064624 0.066537 0.078689
3.8 0.051726 0.04871 0.055628 0.056538 0.063037 0.058766 0.055566 0.057116 0.055882 0.058788 0.073346 0.06788 0.063687
d3 0.047522 0.051466 0.048614 0.050496 0.054344 0.056197 0.050986 0.052028 0.056392 0.059214 0.058105 0.063559 0.061622
4.2 0.045918 0.051845 0.052402 0.052319 0.048571 0.045225 0.048707 0.050696 0.05109 0.062483 0.065755 0.063932
4.4 0.048251 0.04846 0.047578 0.045018 0.043358 0.045082 0.051073 0.053635 0.054173 0.055626
4.6 0.042451 0.04214 0.044806 0.047089 0.047781 0.047596 0.048424 0.057433
4.8 0.046803 0.049616 0.048593 0.048571 0.051414
d4 0.041933 0.040783 0.048472
Average 0.058364 0.058168 0.059399 0.061384 0.062599 0.061028 0.057821 0.060581 0.061475 0.063956 0.065995 0.066842 0.069326
438
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.061257 0.062153 0.063867 0.063101 0.068821 0.06847 0.068199 0.070327 0.068753 0.068295 0.070606 0.074235 0.068833 0.067933
0.060143 0.058217 0.064345 0.060588 0.059585 0.058938 0.056642 0.057831 0.063073 0.05722 0.059612 0.061043 0.056449 0.056439
0.068416 0.067731 0.065541 0.063391 0.061546 0.061629 0.062492 0.065388 0.064343 0.067998 0.066406 0.065203 0.063259 0.065873
0.056486 0.063748 0.063495 0.05999 0.067231 0.062128 0.060288 0.069852 0.073215 0.072664 0.069845 0.066587 0.0645 0.068249
0.058568 0.063199 0.060697 0.062199 0.060303 0.06058 0.061986 0.055129 0.057849 0.057892 0.057338 0.05798 0.058129 0.065993
0.07392 0.075727 0.06234 0.057204 0.058465 0.058816 0.064866 0.060518 0.063799 0.061401 0.063678 0.065292 0.06821 0.06997
0.076136 0.075695 0.072199 0.069532 0.070807 0.069955 0.073115 0.074825 0.0766 0.072967 0.072422 0.074062 0.07536 0.07625
0.069499 0.074015 0.071103 0.070758 0.076699 0.077832 0.077736 0.077711 0.076206 0.07873 0.080559 0.089104 0.084 0.086405
0.082195 0.085815 0.084944 0.086406 0.084362 0.085023 0.086462 0.082252 0.08936 0.080211 0.084038 0.089545 0.087564 0.091415
0.077641 0.076158 0.07838 0.079264 0.079272 0.078641 0.078084 0.071497 0.075023 0.075664 0.074322 0.080644 0.075176 0.078635
0.070464 0.071881 0.078724 0.075684 0.082914 0.078204 0.078343 0.099494 0.101863 0.094978 0.089657 0.083445 0.08379 0.085655
0.087537 0.084406 0.07651 0.07521 0.077974 0.080169 0.08386 0.098437 0.099595 0.093344 0.096679 0.097184 0.097847 0.106705
0.091 0.101357 0.09078 0.082495 0.090065 0.086707 0.093158 0.088474 0.100719 0.093953 0.095364 0.092637 0.086908 0.098507
0.081807 0.081107 0.083632 0.078648 0.083428 0.079308 0.077606 0.068772 0.06915 0.06988 0.076004 0.078656 0.078147 0.079045
0.080825 0.081777 0.082537 0.081232 0.07711 0.07606 0.076435 0.078777 0.08276 0.077316 0.078419 0.085877 0.079275 0.087059
0.078064 0.086228 0.085379 0.081329 0.07672 0.080906 0.077716 0.083028 0.097669 0.085576 0.087506 0.093011 0.079558 0.093231
0.090893 0.093567 0.08196 0.075118 0.072974 0.077404 0.082509 0.076069 0.085511 0.076412 0.080657 0.086461 0.081421 0.084203
0.08575 0.089514 0.086561 0.079296 0.079067 0.081464 0.076885 0.076073 0.08542 0.078814 0.082448 0.087144 0.083687 0.089633
0.077711 0.077114 0.079014 0.077081 0.076723 0.072482 0.071987 0.06857 0.07036 0.07413 0.071625 0.074091 0.071861 0.075747
0.065146 0.070567 0.072625 0.073813 0.069978 0.072314 0.072855 0.077169 0.081343 0.078558 0.073145 0.073118 0.070846 0.086914
0.060527 0.062639 0.065385 0.063049 0.063439 0.063199 0.0628 0.060436 0.058946 0.066438 0.06473 0.065051 0.063347 0.062784
0.072297 0.078204 0.072835 0.068311 0.063419 0.065733 0.071082 0.071568 0.080757 0.073302 0.073353 0.074091 0.069607 0.078418
0.058043 0.057465 0.062845 0.060568 0.058913 0.059185 0.059948 0.06111 0.068718 0.063876 0.063892 0.066332 0.062564 0.064053
0.055658 0.055311 0.054368 0.053248 0.055505 0.055174 0.053907 0.057918 0.057234 0.056251 0.058014 0.061782 0.063884 0.067343
0.055002 0.055335 0.05484 0.051766 0.053131 0.054857 0.057822 0.053552 0.057997 0.054483 0.057898 0.059742 0.058928 0.061031
0.051201 0.051037 0.052456 0.052942 0.052071 0.051606 0.051356 0.046141 0.050319 0.047973 0.04931 0.052074 0.051162 0.055819
0.071007 0.073076 0.071822 0.069316 0.07002 0.069876 0.070698 0.071189 0.075253 0.072243 0.072982 0.075169 0.072474 0.07705
439
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.067846 0.071656 0.061952 0.057779 0.066707 0.063214 0.064713 0.065642 0.062751 0.055449 0.057187 0.059062 0.064948 0.051139
0.054188 0.054507 0.053756 0.061734 0.062426 0.057184 0.05645 0.058363 0.061452 0.058417 0.054522 0.053197 0.051565 0.052757
0.068553 0.068101 0.067373 0.068192 0.065412 0.059228 0.061341 0.06017 0.062775 0.066911 0.063451 0.062723 0.059534 0.054145
0.071645 0.06705 0.070786 0.063105 0.062313 0.061047 0.063565 0.067191 0.060985 0.062934 0.069473 0.08432 0.077546 0.056092
0.066128 0.061258 0.058153 0.058397 0.057112 0.052855 0.054897 0.053782 0.058204 0.058233 0.057334 0.055574 0.053876 0.052073
0.06988 0.0662 0.065804 0.069638 0.06443 0.061556 0.060841 0.063292 0.064829 0.06606 0.062264 0.060181 0.061066 0.05764
0.076582 0.07616 0.077802 0.070622 0.065901 0.06175 0.06099 0.063628 0.064107 0.067451 0.064977 0.063515 0.0738 0.068979
0.080568 0.085882 0.07446 0.0676 0.077704 0.077067 0.076222 0.077659 0.076807 0.071261 0.068423 0.069459 0.07231 0.070737
0.094323 0.08966 0.090244 0.092933 0.091556 0.090139 0.087177 0.087068 0.088936 0.08839 0.092442 0.085704 0.085323 0.082992
0.085519 0.087497 0.082189 0.069147 0.072609 0.063521 0.065184 0.070746 0.071547 0.073636 0.075115 0.077388 0.075532 0.075267
0.084051 0.08842 0.095661 0.086947 0.07656 0.074905 0.074106 0.08198 0.082839 0.083329 0.092256 0.109271 0.106034 0.086331
0.098267 0.1037 0.093682 0.099843 0.086915 0.089717 0.093782 0.090431 0.096718 0.093048 0.095587 0.097155 0.0947 0.085451
0.100392 0.090974 0.091921 0.092428 0.086631 0.088836 0.093856 0.091477 0.086766 0.091823 0.088383 0.095367 0.102383 0.075486
0.082911 0.08255 0.081699 0.071582 0.070715 0.071152 0.068512 0.078559 0.079973 0.075662 0.075495 0.08014 0.080498 0.070626
0.087649 0.085146 0.082527 0.08226 0.088766 0.07661 0.07688 0.080404 0.082366 0.080132 0.080669 0.080195 0.07648 0.072183
0.085779 0.079975 0.076158 0.098444 0.102178 0.096805 0.09798 0.086275 0.091785 0.086949 0.086012 0.081258 0.079607 0.072187
0.079953 0.083906 0.083368 0.085633 0.080391 0.085033 0.08251 0.083705 0.085013 0.085288 0.076755 0.076095 0.076561 0.074354
0.091126 0.081899 0.077028 0.090998 0.093268 0.083437 0.08436 0.083171 0.084743 0.08404 0.08687 0.082734 0.083722 0.071528
0.08331 0.08059 0.080926 0.066227 0.068513 0.063425 0.063376 0.067749 0.068 0.071145 0.070379 0.077177 0.074852 0.070999
0.085307 0.081404 0.079055 0.079486 0.082708 0.069887 0.071721 0.068136 0.075076 0.074234 0.072643 0.073553 0.080346 0.076938
0.065642 0.068211 0.067693 0.057106 0.057312 0.055691 0.058658 0.057501 0.057529 0.063427 0.060341 0.064131 0.062113 0.055183
0.074448 0.072422 0.072225 0.082873 0.073128 0.077045 0.0772 0.069682 0.076786 0.078288 0.072638 0.069551 0.07108 0.065714
0.061478 0.060283 0.060619 0.066699 0.065263 0.063526 0.061033 0.060416 0.06256 0.060571 0.065304 0.066103 0.065355 0.058992
0.066169 0.06631 0.060074 0.054162 0.059824 0.056699 0.057277 0.058523 0.061586 0.060644 0.059813 0.059963 0.060349 0.056207
0.063262 0.061226 0.060449 0.05522 0.056324 0.051613 0.055694 0.0583 0.057757 0.057223 0.059187 0.059308 0.062342 0.055436
0.058314 0.056653 0.055915 0.050762 0.049556 0.046145 0.048093 0.051555 0.053158 0.052831 0.055279 0.054556 0.053178 0.0556
0.07705 0.075832 0.073905 0.07307 0.07247 0.069157 0.069862 0.070592 0.072117 0.071822 0.071646 0.072988 0.073273 0.066348
440
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.052008 0.05363 0.049952 0.050625 0.049762 0.048562 0.044776 0.04275 0.043194 0.043909 0.041247 0.042544 0.03619 0.035666
0.049186 0.046753 0.048844 0.046716 0.049479 0.049216 0.046552 0.048329 0.047084 0.045185 0.044944 0.047864 0.046714 0.047491
0.055275 0.055948 0.059182 0.054931 0.062903 0.060646 0.057221 0.054629 0.053333 0.053575 0.052998 0.046139 0.048375 0.053587
0.056277 0.060075 0.056894 0.058239 0.061539 0.055594 0.057055 0.056341 0.062099 0.059888 0.054444 0.05591 0.050836 0.055023
0.050918 0.051461 0.054968 0.056357 0.055373 0.05209 0.053549 0.051956 0.05105 0.055217 0.058354 0.048818 0.049006 0.053684
0.056869 0.063608 0.06159 0.055841 0.057248 0.059534 0.062811 0.064679 0.063633 0.061705 0.060131 0.059397 0.059515 0.062884
0.066368 0.065052 0.072228 0.063346 0.063861 0.064443 0.072035 0.072589 0.073712 0.073961 0.073492 0.069709 0.064919 0.06335
0.068529 0.076279 0.067473 0.075458 0.075942 0.072766 0.073341 0.067773 0.068787 0.077258 0.081254 0.075084 0.073791 0.066081
0.075417 0.074377 0.073764 0.07921 0.07557 0.075797 0.072535 0.07225 0.074105 0.06711 0.062935 0.062644 0.059294 0.06345
0.075211 0.072657 0.075873 0.075654 0.076756 0.073417 0.076949 0.069039 0.066726 0.071329 0.075952 0.065864 0.070284 0.067103
0.073663 0.077556 0.073201 0.069545 0.067469 0.066793 0.070844 0.075 0.079459 0.081914 0.072713 0.067963 0.068466 0.072395
0.074234 0.081256 0.078543 0.068859 0.076196 0.080718 0.079896 0.080444 0.079817 0.081897 0.076568 0.073795 0.075212 0.079587
0.082386 0.079481 0.087994 0.077144 0.081201 0.077316 0.086421 0.087673 0.089928 0.089493 0.08369 0.077487 0.073782 0.07632
0.076463 0.075763 0.073408 0.074471 0.069207 0.06965 0.066036 0.069802 0.071735 0.07236 0.071067 0.071314 0.070666 0.07926
0.069097 0.066934 0.071404 0.076949 0.079056 0.07298 0.073732 0.069474 0.071301 0.075864 0.075543 0.070147 0.074554 0.078467
0.062318 0.05908 0.062863 0.064059 0.069311 0.064417 0.066779 0.072545 0.074662 0.07578 0.073268 0.068578 0.068996 0.076193
0.071108 0.075023 0.069831 0.070147 0.066009 0.068368 0.074394 0.07617 0.079029 0.08471 0.085137 0.081044 0.082486 0.081967
0.06721 0.068056 0.073481 0.065797 0.069556 0.070044 0.067501 0.076949 0.07844 0.071022 0.074164 0.070907 0.070586 0.081286
0.07501 0.073549 0.07958 0.078969 0.085584 0.082481 0.083493 0.077004 0.078541 0.078438 0.079389 0.073282 0.07835 0.085661
0.06966 0.067405 0.073004 0.070623 0.070832 0.067025 0.074249 0.076895 0.076946 0.081332 0.08372 0.074016 0.070703 0.08052
0.061044 0.06037 0.065293 0.069218 0.075951 0.07211 0.071586 0.065957 0.068172 0.070585 0.073102 0.061403 0.067735 0.066056
0.062649 0.062403 0.065538 0.062903 0.064556 0.066728 0.071489 0.07318 0.076011 0.073148 0.070346 0.065527 0.065257 0.074741
0.057199 0.058834 0.061315 0.065532 0.066422 0.063678 0.063067 0.065691 0.063176 0.061836 0.062794 0.05762 0.062483 0.064871
0.054809 0.057229 0.061775 0.056501 0.062802 0.062548 0.060225 0.058089 0.060396 0.059617 0.055353 0.059245 0.05862 0.063018
0.05862 0.058509 0.062637 0.059065 0.056726 0.055495 0.061052 0.058571 0.058496 0.061836 0.063277 0.062619 0.059129 0.058068
0.057105 0.056991 0.058337 0.056647 0.055434 0.054099 0.054763 0.052697 0.052013 0.055021 0.057277 0.055308 0.053294 0.057608
0.064563 0.065318 0.066884 0.065493 0.067106 0.065635 0.067014 0.066787 0.067763 0.068615 0.067814 0.064009 0.063817 0.06709
441
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.034565 0.031859 0.034363 0.029964 0.032323 0.055474
0.048943 0.046396 0.047219 0.050194 0.04025 0.052756
0.050369 0.047662 0.04496 0.043343 0.042089 0.059062
0.054123 0.053587 0.043125 0.044104 0.048937 0.060741
0.04895 0.048978 0.052218 0.045535 0.047342 0.055215
0.060416 0.067146 0.060512 0.062035 0.067007 0.06217
0.065799 0.074898 0.071345 0.07119 0.07044 0.068704
0.066844 0.067571 0.070213 0.061909 0.065303 0.071424
0.063603 0.062509 0.060466 0.056776 0.056794 0.07704
0.0671 0.061994 0.063728 0.059376 0.056937 0.072077
0.068592 0.076869 0.070336 0.072016 0.071332 0.07827
0.074596 0.075673 0.075667 0.082691 0.085463 0.083698
0.07497 0.081753 0.081173 0.0858 0.088104 0.085642
0.082377 0.082283 0.08046 0.075791 0.077718 0.074755
0.077823 0.076528 0.078599 0.069822 0.067973 0.076333
0.081477 0.079282 0.078654 0.080476 0.069869 0.07784
0.090003 0.101353 0.092405 0.086825 0.08863 0.078335
0.088846 0.082969 0.075582 0.086342 0.082857 0.078368
0.089471 0.08605 0.079266 0.074908 0.073601 0.072618
0.071947 0.074193 0.084225 0.078311 0.074513 0.071595
0.06826 0.069494 0.066782 0.062592 0.060043 0.061993
0.07256 0.084872 0.079092 0.078345 0.079639 0.068373
0.068197 0.066441 0.069706 0.06761 0.062608 0.060475
0.063838 0.061088 0.058433 0.058411 0.062413 0.05737
0.059254 0.063292 0.065807 0.062974 0.064655 0.057592
0.056747 0.051565 0.054243 0.051525 0.05269 0.052632
0.06833
0.067295 0.068319 0.066868 0.065341 0.064982
442
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 6
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.04567 0.05088 0.048922 0.049169 0.051313 0.05314 0.052297 0.054651 0.067147 0.066044 0.06439
0.2 0.047559 0.046277 0.048688 0.048345 0.049904 0.04625 0.045942 0.048088 0.050588 0.044919 0.046744 0.057501
0.4 0.052838 0.054176 0.050312 0.053887 0.056739 0.058785 0.053336 0.055742 0.055222 0.058722 0.060711 0.066796 0.067484
0.6 0.050115 0.052243 0.050656 0.052246 0.054163 0.053818 0.053429 0.059105 0.061279 0.059515 0.061429 0.061157 0.061945
0.8 0.051381 0.046917 0.056354 0.050904 0.055052 0.056659 0.049709 0.053085 0.049085 0.052951 0.060172 0.054193 0.053894
d5 0.055311 0.056683 0.057354 0.060606 0.05915 0.056197 0.052989 0.057731 0.058673 0.060058 0.054174 0.059371 0.060628
1.2 0.050177 0.053253 0.056201 0.059784 0.063074 0.064577 0.064816 0.06263 0.064901 0.064197 0.063565 0.064629 0.069826
1.4 0.05699 0.054048 0.058469 0.062453 0.061907 0.059322 0.054572 0.056726 0.060973 0.064907 0.060961 0.064765 0.06355
1.6 0.062866 0.060785 0.069132 0.070242 0.067663 0.063095 0.054212 0.062164 0.065777 0.071893 0.078038 0.075669 0.070657
1.8 0.058282 0.059623 0.057956 0.060306 0.067166 0.068273 0.065971 0.067623 0.066558 0.073625 0.067206 0.065771 0.07747
d1 0.067845 0.065604 0.062827 0.063669 0.069801 0.072818 0.068641 0.0679 0.067941 0.072608 0.074852 0.076599 0.074832
2.2 0.073236 0.069931 0.070253 0.070677 0.073187 0.075523 0.072386 0.073326 0.06798 0.07501 0.079651 0.080229 0.083407
2.4 0.059329 0.069158 0.075642 0.074169 0.074118 0.071066 0.072353 0.077448 0.078009 0.074402 0.083384 0.088216 0.092689
2.6 0.070162 0.069203 0.070209 0.071255 0.070177 0.067886 0.060379 0.067985 0.069851 0.065904 0.071866 0.070237 0.074864
2.8 0.061711 0.065857 0.060934 0.066565 0.070305 0.075126 0.067572 0.070639 0.066953 0.074348 0.084655 0.081062 0.078709
d2 0.054401 0.057321 0.067979 0.072341 0.070536 0.065724 0.064304 0.065078 0.066296 0.065133 0.080372 0.07924 0.082308
3.2 0.060825 0.064708 0.065702 0.067959 0.066375 0.061547 0.059668 0.068231 0.070478 0.071827 0.069997 0.074613 0.07475
3.4 0.058178 0.060429 0.062244 0.069018 0.069398 0.066382 0.064179 0.066535 0.0681 0.076896 0.088297 0.093976 0.092152
3.6 0.052231 0.057022 0.055104 0.05986 0.061307 0.057748 0.05423 0.059419 0.063431 0.066601 0.061359 0.062557 0.074683
3.8 0.049128 0.046685 0.054357 0.054959 0.061702 0.05741 0.055144 0.055542 0.053354 0.055448 0.073121 0.067013 0.063167
d3 0.048214 0.051334 0.049335 0.050818 0.053786 0.053697 0.049475 0.052132 0.055925 0.060199 0.055169 0.059757 0.058485
4.2 0.04728 0.052235 0.051854 0.052268 0.050581 0.046152 0.049156 0.047803 0.048662 0.063052 0.06546 0.063484
4.4 0.047324 0.047628 0.047145 0.043699 0.042088 0.044672 0.049732 0.051626 0.052777 0.05322
4.6 0.040562 0.040891 0.044896 0.046698 0.048576 0.045191 0.045527 0.054509
4.8 0.044685 0.046798 0.048444 0.047951 0.050994
d4 0.042314 0.040599 0.048132
Average 0.057538 0.05761 0.058873 0.060455 0.06186 0.060126 0.056903 0.059761 0.059801 0.06253 0.065064 0.065806 0.06799
443
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.062989 0.065119 0.067572 0.068062 0.073968 0.073517 0.071811 0.06944 0.0694 0.068112 0.070716 0.076022 0.069871 0.069748
0.058106 0.056592 0.064823 0.060424 0.059847 0.059404 0.057011 0.056609 0.061742 0.056308 0.058581 0.059678 0.055076 0.053861
0.070352 0.070963 0.069342 0.068375 0.06615 0.066171 0.065801 0.064563 0.064947 0.067816 0.06651 0.066772 0.064213 0.067633
0.053971 0.060574 0.06068 0.056787 0.063699 0.059216 0.058023 0.070279 0.071927 0.072869 0.07041 0.066121 0.063495 0.067883
0.059739 0.060536 0.059735 0.061848 0.060051 0.060473 0.062074 0.054759 0.055938 0.055012 0.056038 0.058076 0.057746 0.064963
0.071416 0.073613 0.062803 0.057049 0.058723 0.059281 0.065289 0.059239 0.062453 0.060422 0.062577 0.063831 0.066551 0.066774
0.073367 0.073902 0.072495 0.067738 0.070252 0.067745 0.072417 0.074083 0.079006 0.07233 0.073123 0.075009 0.074655 0.076036
0.067144 0.071949 0.071631 0.070567 0.077036 0.078448 0.078243 0.076069 0.074597 0.077475 0.079166 0.087111 0.081957 0.082458
0.078536 0.081542 0.081178 0.081792 0.079931 0.081038 0.083213 0.082755 0.087788 0.080438 0.084718 0.088919 0.0862 0.090925
0.074817 0.074353 0.078701 0.077219 0.078651 0.076158 0.077338 0.070788 0.077379 0.075003 0.075042 0.081676 0.074473 0.078414
0.068 0.068609 0.077501 0.076154 0.083147 0.079987 0.082727 0.092072 0.092132 0.089911 0.087084 0.081161 0.082952 0.084881
0.089287 0.08085 0.075297 0.074785 0.077648 0.080027 0.08398 0.097776 0.096304 0.088701 0.094486 0.097344 0.097202 0.10504
0.087818 0.096744 0.08937 0.083007 0.090318 0.088683 0.098371 0.081874 0.091097 0.088941 0.092627 0.090102 0.086038 0.097616
0.079035 0.078844 0.084253 0.078435 0.083796 0.079935 0.078112 0.067319 0.06769 0.068766 0.074689 0.076896 0.076246 0.075434
0.082441 0.078332 0.081228 0.080773 0.076788 0.075926 0.076544 0.078248 0.080025 0.073471 0.07664 0.086018 0.078752 0.0857
0.075225 0.084185 0.085729 0.079231 0.076118 0.078351 0.076974 0.082205 0.100737 0.084829 0.088354 0.0942 0.078814 0.092969
0.086846 0.088908 0.078327 0.071107 0.069141 0.073775 0.079409 0.076535 0.084006 0.076629 0.081309 0.085856 0.080153 0.083751
0.088176 0.093786 0.091583 0.085531 0.084981 0.087468 0.080957 0.075113 0.086223 0.078603 0.082577 0.089242 0.084949 0.092028
0.074251 0.073275 0.075511 0.072966 0.072693 0.069085 0.069283 0.06899 0.069122 0.07434 0.072204 0.073573 0.070741 0.075341
0.062777 0.068894 0.072922 0.071909 0.069429 0.07003 0.072159 0.076404 0.083898 0.077873 0.073853 0.074053 0.070183 0.08667
0.057833 0.05952 0.062487 0.059683 0.060107 0.060237 0.06044 0.060806 0.057909 0.066626 0.065253 0.064596 0.06236 0.062447
0.073743 0.07491 0.07168 0.067924 0.063154 0.065616 0.071183 0.071088 0.078088 0.069656 0.071688 0.074213 0.069149 0.077194
0.056077 0.055862 0.063312 0.060404 0.059173 0.059653 0.060339 0.059819 0.067267 0.062858 0.062787 0.064848 0.061042 0.061128
0.05318 0.052557 0.051958 0.050405 0.05259 0.052588 0.051882 0.058272 0.056227 0.05641 0.058483 0.06135 0.062889 0.066981
0.053002 0.054023 0.055065 0.050431 0.052715 0.053125 0.05727 0.053021 0.059818 0.054008 0.058458 0.060506 0.058377 0.06086
0.052224 0.048887 0.051624 0.052643 0.051853 0.051515 0.051429 0.045831 0.048656 0.045587 0.048191 0.05216 0.050824 0.054948
0.069629 0.071051 0.071416 0.068663 0.069691 0.069517 0.070857 0.070152 0.074014 0.070884 0.072522 0.074974 0.071727 0.076219
444
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.067714 0.072399 0.062488 0.054972 0.063669 0.061349 0.061926 0.063035 0.060479 0.053348 0.055463 0.05899 0.064962 0.049911
0.05231 0.054031 0.053884 0.063383 0.06306 0.0581 0.056976 0.058655 0.064859 0.061322 0.057968 0.054931 0.052522 0.054304
0.06842 0.068807 0.067956 0.064879 0.062433 0.057481 0.058699 0.057781 0.060501 0.064375 0.061537 0.062646 0.059547 0.052845
0.072414 0.068094 0.070498 0.060918 0.06047 0.059004 0.063515 0.065011 0.058952 0.062092 0.070417 0.084142 0.077158 0.057096
0.065405 0.060775 0.057528 0.056558 0.05585 0.051925 0.053187 0.052699 0.055422 0.057845 0.055271 0.055468 0.0538 0.050595
0.067459 0.065622 0.06596 0.071498 0.065084 0.062542 0.061407 0.063609 0.068423 0.069346 0.0662 0.062142 0.062199 0.05933
0.071836 0.075359 0.075107 0.071257 0.064835 0.062438 0.063551 0.064545 0.066228 0.065379 0.06275 0.062092 0.07369 0.064374
0.077777 0.085131 0.074636 0.069406 0.078492 0.078302 0.076932 0.078048 0.081065 0.074805 0.072748 0.071723 0.073652 0.072811
0.095335 0.091055 0.089877 0.089712 0.088848 0.087122 0.087108 0.084243 0.085972 0.087207 0.093698 0.085524 0.084896 0.084477
0.080219 0.086577 0.079342 0.069769 0.071434 0.064229 0.06792 0.071765 0.073913 0.071374 0.072541 0.075654 0.075419 0.070242
0.082514 0.086725 0.092728 0.089803 0.079558 0.076428 0.075173 0.082572 0.091111 0.087048 0.093099 0.109698 0.096532 0.091539
0.097191 0.102883 0.092675 0.096698 0.084995 0.088139 0.090861 0.08861 0.092094 0.092428 0.092148 0.096971 0.094568 0.083027
0.098556 0.08923 0.089103 0.095464 0.090023 0.090642 0.095207 0.092137 0.095429 0.095922 0.089191 0.09574 0.093208 0.08004
0.080039 0.081828 0.081892 0.073494 0.071432 0.072292 0.06915 0.078952 0.084407 0.079425 0.080267 0.082752 0.081992 0.072696
0.086689 0.084474 0.081641 0.079669 0.086804 0.075263 0.074485 0.078785 0.078429 0.079599 0.077767 0.080043 0.076373 0.070135
0.080463 0.079135 0.07352 0.099329 0.100526 0.097884 0.102093 0.087518 0.094821 0.084277 0.083065 0.079437 0.079488 0.067368
0.080811 0.085212 0.083029 0.082665 0.078013 0.082187 0.082445 0.080989 0.08218 0.084147 0.077798 0.075935 0.076178 0.075684
0.090949 0.082749 0.077694 0.086577 0.08902 0.080975 0.080726 0.079869 0.081674 0.080855 0.08425 0.082633 0.08374 0.069811
0.084203 0.081845 0.080597 0.063931 0.066486 0.061301 0.063326 0.065551 0.065734 0.070193 0.071335 0.077014 0.074477 0.072269
0.08002 0.080548 0.076316 0.0802 0.081371 0.070665 0.074732 0.069118 0.077559 0.071953 0.070154 0.071905 0.080226 0.071802
0.066346 0.069273 0.067418 0.055127 0.055617 0.053827 0.058611 0.055635 0.055612 0.062579 0.06116 0.063996 0.061802 0.05617
0.073633 0.071851 0.071449 0.080263 0.071512 0.07569 0.074795 0.068278 0.073115 0.077767 0.070025 0.069419 0.07098 0.063849
0.059348 0.059756 0.060763 0.068481 0.065925 0.064544 0.061601 0.060719 0.066028 0.063584 0.069433 0.068257 0.066568 0.060721
0.066879 0.067343 0.059829 0.052285 0.058055 0.054801 0.057231 0.056625 0.059534 0.059832 0.060625 0.059837 0.060047 0.057212
0.059341 0.060582 0.058355 0.055716 0.055413 0.052188 0.058033 0.05914 0.059667 0.055465 0.057159 0.057979 0.06225 0.051735
0.057676 0.056206 0.055314 0.049163 0.048461 0.045334 0.046595 0.050516 0.050617 0.05248 0.05329 0.054453 0.053104 0.054023
0.075521 0.075673 0.073061 0.072355 0.071438 0.06864 0.069857 0.069785 0.072455 0.071717 0.071514 0.073053 0.072668 0.065926
445
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.050914 0.052966 0.04759 0.047839 0.047914 0.04706 0.044666 0.042641 0.042285 0.041274 0.038204 0.03958 0.034953 0.0343
0.052126 0.048 0.050355 0.047113 0.0484 0.048379 0.046106 0.048802 0.046628 0.046536 0.0476 0.050681 0.047642 0.049196
0.054112 0.055255 0.056383 0.051908 0.060567 0.058769 0.05708 0.05449 0.05221 0.05036 0.049088 0.042924 0.046721 0.051535
0.054851 0.05779 0.055144 0.057416 0.061509 0.055187 0.056766 0.055122 0.061572 0.058273 0.051849 0.055005 0.048514 0.053018
0.04906 0.049071 0.052255 0.053559 0.053044 0.049996 0.05087 0.052049 0.050751 0.05462 0.056108 0.047644 0.049967 0.056163
0.060268 0.065305 0.063496 0.056316 0.056 0.058521 0.062208 0.065312 0.063016 0.06355 0.063684 0.062893 0.060697 0.065142
0.065219 0.064028 0.071225 0.059062 0.056984 0.060671 0.070947 0.071274 0.07334 0.074702 0.073611 0.069959 0.065328 0.062922
0.072625 0.078314 0.069561 0.0761 0.074287 0.071529 0.072637 0.068436 0.068121 0.079568 0.086056 0.079503 0.075257 0.068454
0.073506 0.071548 0.071495 0.078091 0.075533 0.075243 0.072168 0.070687 0.073476 0.065301 0.059935 0.06163 0.056586 0.061138
0.073908 0.071514 0.074819 0.070538 0.068491 0.069119 0.075786 0.067788 0.066389 0.072043 0.076076 0.0661 0.070726 0.06665
0.076162 0.077699 0.073179 0.069773 0.068243 0.067335 0.068549 0.074657 0.078976 0.081143 0.07157 0.0694 0.068301 0.074934
0.071526 0.077481 0.074667 0.06544 0.072992 0.077473 0.0759 0.080589 0.07935 0.081012 0.073621 0.07202 0.076687 0.083263
0.085182 0.079627 0.087967 0.077397 0.082132 0.077943 0.083621 0.087272 0.089381 0.088651 0.082374 0.079125 0.073604 0.078996
0.081033 0.077785 0.075679 0.075104 0.067698 0.068466 0.065403 0.070485 0.07104 0.074523 0.075267 0.075512 0.072069 0.082107
0.066576 0.063825 0.06788 0.073129 0.075732 0.070046 0.070044 0.069599 0.070883 0.075044 0.072636 0.06846 0.076015 0.082091
0.061239 0.05815 0.06199 0.059727 0.061848 0.060647 0.065769 0.07123 0.074286 0.076539 0.073388 0.068824 0.069431 0.075679
0.069306 0.072168 0.067683 0.069156 0.065977 0.067867 0.074017 0.074523 0.078358 0.082426 0.081079 0.079732 0.078719 0.07898
0.065796 0.067214 0.070006 0.062177 0.066974 0.067877 0.067335 0.076753 0.076789 0.06676 0.068692 0.065966 0.068173 0.078174
0.073109 0.07075 0.077132 0.077854 0.085542 0.081877 0.08307 0.075338 0.077874 0.076324 0.075604 0.072096 0.074771 0.082539
0.068454 0.066344 0.07199 0.065848 0.063205 0.063102 0.073126 0.075502 0.076558 0.082147 0.083856 0.074281 0.071148 0.079977
0.059497 0.058074 0.063284 0.068241 0.075915 0.071582 0.071224 0.06453 0.067593 0.068682 0.069617 0.06041 0.064641 0.063649
0.060363 0.059504 0.062303 0.05978 0.061841 0.064045 0.067913 0.073312 0.075566 0.072357 0.067639 0.063951 0.066536 0.078193
0.060618 0.060404 0.063212 0.066089 0.064974 0.062595 0.062461 0.066334 0.062564 0.063685 0.066504 0.061011 0.063724 0.067201
0.05342 0.055051 0.059874 0.055703 0.062771 0.06209 0.05992 0.056832 0.059883 0.058009 0.052714 0.058287 0.055942 0.060722
0.057605 0.057588 0.061767 0.055071 0.050618 0.052247 0.060129 0.05751 0.058202 0.062456 0.06338 0.062843 0.059502 0.057676
0.055022 0.054343 0.055457 0.053835 0.053103 0.051924 0.052023 0.052792 0.051708 0.054426 0.055073 0.053978 0.054339 0.060269
0.064288 0.064223 0.065631 0.063549 0.064704 0.063907 0.065759 0.066302 0.067185 0.068093 0.066739 0.063916 0.063461 0.067422
446
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.033167 0.031575 0.03395 0.029681 0.033728 0.055258
0.04953 0.046358 0.045873 0.050129 0.041648 0.052818
0.048333 0.047238 0.044419 0.042933 0.043919 0.058675
0.05237 0.051611 0.041859 0.043064 0.047227 0.059583
0.050232 0.050332 0.053236 0.046446 0.049181 0.054571
0.06114 0.067091 0.058788 0.061954 0.069333 0.062241
0.064809 0.072801 0.070795 0.073386 0.068946 0.067621
0.067645 0.067516 0.068212 0.061828 0.06757 0.071537
0.061543 0.060204 0.058691 0.055437 0.054809 0.075554
0.066091 0.060258 0.063236 0.061208 0.055729 0.070879
0.071443 0.078341 0.076134 0.078581 0.075971 0.078119
0.07655 0.077766 0.077142 0.084345 0.088783 0.082724
0.078085 0.083319 0.087863 0.093622 0.093834 0.085541
0.083364 0.082216 0.078166 0.075692 0.080416 0.074868
0.079862 0.078644 0.080131 0.071218 0.070614 0.075465
0.080252 0.077063 0.078048 0.082959 0.068387 0.076722
0.087088 0.097616 0.089694 0.084777 0.085532 0.07674
0.085255 0.082231 0.074674 0.085525 0.08646 0.077856
0.086574 0.082877 0.07694 0.073141 0.071029 0.07116
0.070865 0.072116 0.083576 0.080727 0.072932 0.070507
0.06605 0.066931 0.064822 0.061116 0.057944 0.06076
0.074461 0.087219 0.080634 0.079912 0.082733 0.067596
0.069015 0.066386 0.067719 0.067522 0.064782 0.060649
0.061771 0.058835 0.056718 0.057034 0.060231 0.056156
0.058363 0.06152 0.0653 0.064916 0.063283 0.05678
0.058234 0.052991 0.055301 0.052556 0.054737 0.051935
0.067629
0.067003 0.067733 0.066612 0.066143 0.06576
447
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 7
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.046173 0.051592 0.049656 0.049759 0.052237 0.054043 0.053291 0.055361 0.070861 0.069701 0.066235
0.2 0.04832 0.046879 0.049564 0.049264 0.050703 0.046851 0.046493 0.048617 0.051296 0.043237 0.044045 0.054006
0.4 0.05434 0.0512 0.050395 0.053768 0.057981 0.05565 0.053083 0.053548 0.053597 0.057651 0.061376 0.064717 0.065758
0.6 0.044756 0.048253 0.048924 0.052155 0.053571 0.051823 0.052938 0.059208 0.058787 0.060767 0.059536 0.060568 0.060393
0.8 0.053981 0.047219 0.058366 0.053179 0.055617 0.056402 0.050432 0.054113 0.050141 0.047186 0.055923 0.049633 0.050681
d5 0.056361 0.05759 0.0581 0.061696 0.060274 0.057096 0.053678 0.058424 0.059319 0.060898 0.052146 0.055942 0.056943
1.2 0.05113 0.054105 0.056931 0.06086 0.064272 0.06561 0.065658 0.063382 0.065615 0.065095 0.061186 0.060896 0.065582
1.4 0.057901 0.054751 0.059112 0.063327 0.062835 0.060034 0.055554 0.05769 0.062131 0.065751 0.064333 0.068351 0.065371
1.6 0.064654 0.057445 0.069245 0.070086 0.069145 0.059731 0.053954 0.059717 0.063842 0.070581 0.078894 0.073313 0.068851
1.8 0.061232 0.060007 0.060025 0.063 0.067855 0.067962 0.06693 0.068933 0.067989 0.065609 0.06246 0.060238 0.072851
d1 0.068863 0.066653 0.063644 0.064369 0.070778 0.074056 0.069876 0.068918 0.068756 0.073407 0.076545 0.076508 0.075629
2.2 0.065404 0.064591 0.067852 0.070555 0.072387 0.072724 0.071721 0.073453 0.065216 0.076588 0.077195 0.079457 0.081317
2.4 0.062332 0.069603 0.078343 0.077484 0.074878 0.070743 0.073405 0.078948 0.079686 0.066302 0.077496 0.080794 0.087162
2.6 0.072157 0.065402 0.070324 0.071097 0.071714 0.064267 0.060092 0.065309 0.067796 0.064702 0.072654 0.068051 0.07295
2.8 0.062636 0.066911 0.061726 0.067297 0.071289 0.076403 0.068788 0.071699 0.067757 0.075166 0.08657 0.080966 0.079547
d2 0.048584 0.052944 0.065654 0.072216 0.069765 0.063288 0.063713 0.065191 0.063601 0.066503 0.077894 0.078477 0.080246
3.2 0.061798 0.065549 0.066424 0.06891 0.067371 0.062285 0.060742 0.06939 0.071817 0.07276 0.073869 0.078744 0.076892
3.4 0.061123 0.060818 0.064466 0.072102 0.07011 0.06608 0.065112 0.067823 0.069564 0.068524 0.082061 0.086069 0.086658
3.6 0.046645 0.052667 0.05322 0.059756 0.060637 0.055608 0.053732 0.059522 0.060852 0.068002 0.059468 0.061956 0.072811
3.8 0.049865 0.047431 0.055064 0.055563 0.062566 0.058386 0.056137 0.056375 0.053994 0.056058 0.074775 0.066933 0.06384
d3 0.050655 0.051664 0.051096 0.053089 0.054338 0.053453 0.050195 0.053142 0.057127 0.053645 0.051273 0.054729 0.054998
4.2 0.044683 0.05232 0.051739 0.053413 0.047884 0.045933 0.047221 0.046397 0.047774 0.063743 0.063422 0.06186
4.4 0.047987 0.048342 0.047711 0.044486 0.042803 0.045521 0.050378 0.054482 0.055698 0.054745
4.6 0.041252 0.041627 0.04557 0.047259 0.04911 0.046213 0.045473 0.055089
4.8 0.045221 0.047313 0.04954 0.047894 0.051537
d4 0.042778 0.039336 0.046901
Average 0.057601 0.056562 0.059286 0.061365 0.062524 0.059538 0.05737 0.060038 0.059756 0.061457 0.064481 0.064304 0.066494
448
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.063846 0.066301 0.069429 0.069033 0.073822 0.07267 0.073848 0.069841 0.07143 0.070503 0.072548 0.076759 0.069837 0.069641
0.056307 0.055545 0.062976 0.060857 0.061068 0.059858 0.055608 0.056468 0.061425 0.055761 0.058253 0.059789 0.055819 0.054892
0.068142 0.068892 0.067591 0.067423 0.064747 0.063874 0.06708 0.063656 0.062189 0.067077 0.064705 0.066689 0.064412 0.068324
0.053657 0.059031 0.058544 0.055199 0.061974 0.059565 0.057133 0.069957 0.069822 0.071277 0.069176 0.06554 0.06583 0.066983
0.057145 0.056909 0.057379 0.059148 0.058297 0.060091 0.062869 0.055312 0.056269 0.054819 0.056539 0.059405 0.059233 0.0653
0.069205 0.072252 0.061014 0.057458 0.059921 0.059734 0.063682 0.059091 0.062131 0.059836 0.062226 0.063951 0.067448 0.068052
0.071096 0.072534 0.07043 0.068224 0.071686 0.068264 0.070635 0.073898 0.0786 0.071627 0.072713 0.075149 0.075662 0.077491
0.068057 0.073254 0.0736 0.071574 0.076883 0.077545 0.080463 0.076509 0.07678 0.080195 0.081218 0.087955 0.081917 0.082332
0.076069 0.079162 0.079128 0.080654 0.078236 0.078224 0.084831 0.081592 0.084059 0.079562 0.082418 0.088808 0.086466 0.091854
0.071569 0.069897 0.075599 0.073848 0.076354 0.075676 0.078329 0.071503 0.077838 0.07474 0.075713 0.083545 0.076392 0.078822
0.068855 0.071361 0.080929 0.080077 0.087548 0.083222 0.085669 0.092793 0.094482 0.091599 0.087968 0.082741 0.086335 0.085399
0.088767 0.078791 0.072646 0.072693 0.075546 0.080498 0.082692 0.097328 0.093485 0.086763 0.09283 0.096489 0.100776 0.103648
0.084005 0.090946 0.085846 0.079384 0.08768 0.088123 0.099632 0.0827 0.091638 0.088628 0.093456 0.092164 0.088255 0.098124
0.076553 0.076542 0.082126 0.077344 0.082019 0.07716 0.07963 0.066374 0.064815 0.068017 0.072662 0.076801 0.076482 0.076205
0.083477 0.081474 0.084821 0.084934 0.080853 0.078996 0.079266 0.078862 0.082067 0.07485 0.077417 0.087693 0.081964 0.086223
0.074788 0.082041 0.082712 0.077015 0.074057 0.078812 0.075794 0.081828 0.097788 0.082976 0.086805 0.093373 0.081711 0.091737
0.088027 0.090521 0.08048 0.072122 0.069004 0.072926 0.081662 0.076977 0.086464 0.079318 0.083416 0.086689 0.080114 0.083624
0.084347 0.088165 0.087972 0.081797 0.082499 0.086915 0.081994 0.075872 0.086735 0.078327 0.083316 0.091285 0.087137 0.092506
0.073819 0.071409 0.072853 0.070925 0.070724 0.069491 0.06822 0.068674 0.067098 0.072716 0.070939 0.072926 0.073342 0.074342
0.063566 0.071658 0.076148 0.075613 0.073104 0.072862 0.074725 0.077003 0.086038 0.079335 0.074603 0.075495 0.073046 0.087198
0.055322 0.055953 0.060023 0.057077 0.058351 0.059856 0.061215 0.061419 0.058252 0.066392 0.065837 0.066074 0.063966 0.062772
0.071427 0.072723 0.06987 0.066979 0.061815 0.063339 0.072567 0.070089 0.074771 0.068897 0.069743 0.074121 0.069362 0.077983
0.056839 0.056875 0.065052 0.061267 0.059055 0.058967 0.062051 0.060165 0.069236 0.065064 0.064415 0.065477 0.061012 0.061035
0.053849 0.054665 0.054256 0.053002 0.055373 0.054714 0.053727 0.058729 0.057662 0.05747 0.059076 0.062544 0.065454 0.06739
0.053668 0.05619 0.0575 0.053029 0.055505 0.055273 0.059307 0.053437 0.061344 0.055022 0.059052 0.061684 0.060758 0.061232
0.050584 0.04746 0.05032 0.05191 0.050754 0.049727 0.052429 0.045187 0.046589 0.04509 0.046883 0.052095 0.050982 0.055509
0.068576 0.070021 0.07074 0.068407 0.069495 0.069476 0.071733 0.070202 0.073808 0.070995 0.072459 0.075586 0.07322 0.076485
449
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.069933 0.073385 0.065857 0.054668 0.062001 0.059721 0.060407 0.061635 0.058887 0.05156 0.053776 0.058078 0.063023 0.049666
0.052672 0.053301 0.053005 0.065164 0.063016 0.057818 0.055953 0.057789 0.064551 0.060225 0.055746 0.054285 0.052229 0.053773
0.069014 0.06892 0.067943 0.062146 0.06134 0.05651 0.05705 0.055965 0.058331 0.062873 0.060614 0.060543 0.059421 0.050131
0.070879 0.065072 0.069515 0.058951 0.057512 0.057152 0.061354 0.067892 0.058754 0.059801 0.067893 0.082209 0.07395 0.053014
0.066475 0.06248 0.058249 0.056818 0.054709 0.053241 0.055652 0.05213 0.055804 0.057085 0.055559 0.054468 0.053529 0.051518
0.067926 0.064735 0.064884 0.073507 0.065039 0.062238 0.060304 0.062669 0.068098 0.068105 0.063662 0.061412 0.061853 0.05875
0.072332 0.074341 0.073881 0.073259 0.06479 0.062135 0.062409 0.063591 0.065913 0.064209 0.060345 0.061362 0.073279 0.063745
0.080324 0.08629 0.078661 0.069022 0.076436 0.076224 0.075045 0.076314 0.078932 0.072299 0.070536 0.070614 0.071454 0.072454
0.096163 0.091205 0.089858 0.085932 0.087294 0.08565 0.084661 0.081597 0.082887 0.085172 0.092292 0.082652 0.084717 0.080139
0.081531 0.089006 0.080336 0.07009 0.069974 0.065856 0.071068 0.07099 0.074423 0.070436 0.072919 0.07429 0.075039 0.071524
0.085497 0.089796 0.094061 0.088657 0.080211 0.078843 0.076632 0.087828 0.094145 0.097083 0.101593 0.120157 0.103706 0.090904
0.095131 0.098317 0.091383 0.093576 0.080838 0.085372 0.08777 0.092537 0.091786 0.089017 0.088845 0.094743 0.090635 0.077091
0.100168 0.091733 0.09022 0.095904 0.088182 0.092938 0.09962 0.091142 0.096088 0.094661 0.089656 0.094014 0.092739 0.081501
0.080734 0.081963 0.081875 0.070398 0.070183 0.071071 0.067207 0.076472 0.081379 0.077572 0.079062 0.079974 0.081819 0.068963
0.089824 0.087466 0.082814 0.078652 0.087517 0.077641 0.07593 0.0838 0.081041 0.088775 0.084863 0.087675 0.082049 0.069649
0.078757 0.075623 0.072495 0.096122 0.095609 0.094811 0.09862 0.091397 0.094503 0.081168 0.080088 0.077611 0.076183 0.062552
0.083458 0.086372 0.087506 0.082208 0.07597 0.080006 0.080423 0.079191 0.080017 0.081327 0.075432 0.074761 0.073905 0.075313
0.092437 0.08507 0.078668 0.086976 0.0872 0.083027 0.084468 0.079006 0.082237 0.079792 0.084689 0.081143 0.083318 0.071084
0.082418 0.078213 0.079473 0.061867 0.063235 0.059377 0.061172 0.068456 0.065513 0.067603 0.068778 0.075244 0.07138 0.067103
0.082914 0.083401 0.077412 0.079176 0.082039 0.072899 0.076182 0.073518 0.080142 0.080248 0.076555 0.078761 0.086188 0.071304
0.067432 0.071216 0.068262 0.055381 0.054479 0.05519 0.061328 0.055035 0.055995 0.061756 0.061479 0.062842 0.061491 0.057195
0.074272 0.071969 0.071434 0.076881 0.070261 0.074411 0.072693 0.066133 0.070492 0.075952 0.068974 0.067089 0.07083 0.060571
0.061292 0.06057 0.064039 0.068102 0.064199 0.062831 0.06009 0.05937 0.064291 0.061454 0.067321 0.067202 0.064582 0.060424
0.069297 0.069727 0.060689 0.051618 0.058531 0.056533 0.058342 0.060229 0.061516 0.06673 0.066157 0.065542 0.064509 0.056815
0.061487 0.062728 0.059193 0.055005 0.055868 0.053837 0.059159 0.062904 0.061655 0.061859 0.062374 0.063507 0.066876 0.051377
0.058176 0.056299 0.055303 0.047091 0.047613 0.044568 0.045285 0.048929 0.048801 0.051255 0.05249 0.052625 0.052991 0.051248
0.076559 0.076123 0.073731 0.07143 0.070156 0.068458 0.06957 0.070251 0.072161 0.071847 0.071604 0.073185 0.072758 0.064531
450
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.050025 0.051962 0.048783 0.047149 0.046258 0.047131 0.043056 0.044267 0.043315 0.040329 0.038219 0.039299 0.033704 0.032517
0.051631 0.045911 0.047278 0.04656 0.04898 0.048514 0.046743 0.048401 0.04752 0.046985 0.045726 0.049958 0.045768 0.043987
0.052007 0.053452 0.054393 0.051376 0.059598 0.057041 0.056389 0.052787 0.049269 0.048157 0.049229 0.043095 0.044951 0.05151
0.052966 0.058003 0.055405 0.059701 0.060272 0.053446 0.055048 0.055219 0.060675 0.053409 0.050288 0.054033 0.048224 0.05191
0.048361 0.049186 0.05019 0.052315 0.053168 0.048972 0.049249 0.051184 0.050335 0.054915 0.055645 0.047355 0.049089 0.053777
0.059696 0.062463 0.059615 0.055655 0.05667 0.058684 0.063067 0.064775 0.064222 0.064164 0.061177 0.061995 0.05831 0.058245
0.064599 0.061241 0.066872 0.058369 0.057667 0.06084 0.071927 0.070688 0.074744 0.075424 0.070713 0.06896 0.062759 0.056259
0.071357 0.07683 0.071304 0.075001 0.071719 0.071638 0.070019 0.071046 0.069781 0.077745 0.086091 0.078939 0.072567 0.064895
0.070646 0.069213 0.068971 0.07729 0.074325 0.07303 0.071295 0.068477 0.069336 0.062444 0.060106 0.061876 0.054443 0.061108
0.072856 0.071681 0.071863 0.0689 0.068652 0.067704 0.07337 0.066661 0.065846 0.072432 0.075446 0.065699 0.069484 0.063818
0.076586 0.081332 0.073609 0.069437 0.068113 0.066246 0.066138 0.07274 0.078262 0.078227 0.07215 0.07087 0.069778 0.078433
0.069068 0.077767 0.075021 0.068043 0.071523 0.07503 0.073604 0.080731 0.078194 0.074249 0.071405 0.070746 0.076229 0.081523
0.083969 0.079814 0.084491 0.075599 0.082324 0.076347 0.080956 0.085821 0.088649 0.089129 0.081693 0.078645 0.072311 0.07564
0.07788 0.075247 0.073007 0.074334 0.066615 0.066453 0.064611 0.068282 0.067038 0.071263 0.075482 0.075813 0.069339 0.082067
0.066947 0.066808 0.068279 0.072776 0.075588 0.068914 0.06758 0.067812 0.070243 0.072347 0.073224 0.06991 0.07766 0.085925
0.059134 0.058365 0.062284 0.062103 0.060604 0.058734 0.06378 0.071356 0.073203 0.07015 0.071178 0.067607 0.069017 0.074098
0.068097 0.0708 0.069379 0.068158 0.063697 0.067971 0.07135 0.077365 0.080267 0.080538 0.081112 0.079167 0.075906 0.074873
0.064859 0.067371 0.06724 0.060733 0.06713 0.066487 0.065189 0.075478 0.07616 0.06712 0.068124 0.065565 0.066975 0.074853
0.070596 0.071011 0.077497 0.080952 0.083821 0.079295 0.080557 0.075471 0.076739 0.069952 0.073328 0.070821 0.074325 0.080815
0.068835 0.069445 0.072414 0.06553 0.063085 0.062082 0.070554 0.073563 0.075866 0.079195 0.084536 0.075855 0.072688 0.083712
0.05865 0.05821 0.060783 0.066656 0.076092 0.070116 0.068953 0.063458 0.067039 0.069052 0.069041 0.060043 0.063505 0.060945
0.058014 0.057563 0.060104 0.059167 0.060852 0.062162 0.067091 0.07102 0.071309 0.069192 0.067833 0.064206 0.064016 0.078155
0.05956 0.059259 0.064797 0.065135 0.062728 0.062691 0.060211 0.068864 0.064089 0.062226 0.066532 0.060578 0.061446 0.063707
0.053718 0.057625 0.060227 0.055434 0.062653 0.061086 0.057813 0.055373 0.059342 0.055924 0.053141 0.059522 0.057153 0.063558
0.057926 0.060279 0.062131 0.054805 0.050522 0.051402 0.058014 0.056033 0.057676 0.060211 0.063893 0.064175 0.060789 0.060369
0.052881 0.05257 0.0535 0.053282 0.052254 0.050398 0.051394 0.051142 0.048795 0.052045 0.05523 0.054193 0.052281 0.06024
0.06311 0.063977 0.064594 0.063249 0.064035 0.062785 0.064152 0.065693 0.066458 0.066032 0.066175 0.063805 0.062412 0.066036
451
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.033279 0.031885 0.03421 0.030191 0.034867 0.055542
0.04843 0.045144 0.041957 0.04568 0.042746 0.052226
0.048773 0.048041 0.044444 0.043198 0.044077 0.057674
0.052347 0.05247 0.041373 0.041526 0.048612 0.058404
0.04707 0.049288 0.052525 0.048552 0.047958 0.054141
0.059783 0.065335 0.053769 0.056456 0.071161 0.061548
0.06337 0.070895 0.064752 0.066874 0.070763 0.066861
0.067873 0.068178 0.068735 0.062889 0.069851 0.071775
0.062103 0.061227 0.058724 0.05578 0.055006 0.074269
0.061931 0.059008 0.062391 0.063983 0.054343 0.070308
0.072977 0.083839 0.079672 0.082686 0.080553 0.080129
0.076517 0.079061 0.076246 0.081333 0.091389 0.081102
0.073169 0.08159 0.08669 0.097868 0.091501 0.084875
0.084122 0.083613 0.078209 0.076161 0.080705 0.073636
0.081577 0.084163 0.083855 0.074938 0.074872 0.077346
0.080216 0.078346 0.077141 0.079996 0.070394 0.075213
0.087382 0.098573 0.090382 0.086232 0.08842 0.077058
0.079888 0.080525 0.073676 0.089403 0.08431 0.07716
0.086536 0.084257 0.076046 0.070529 0.073113 0.069797
0.072387 0.077177 0.08746 0.084943 0.077331 0.072246
0.061892 0.065543 0.063956 0.063887 0.056503 0.060255
0.075139 0.088701 0.080678 0.080407 0.083031 0.066452
0.069248 0.067037 0.068238 0.068681 0.066969 0.060814
0.063097 0.062964 0.059354 0.060012 0.063864 0.057593
0.059616 0.065837 0.068335 0.068307 0.0671 0.058265
0.058764 0.053891 0.055331 0.052881 0.054935 0.051064
0.067365
0.066442 0.068715 0.066467 0.066669 0.067091
452
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 8
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.045225 0.050021 0.04765 0.048243 0.051684 0.052934 0.052197 0.053675 0.072274 0.070865 0.065859
0.2 0.044823 0.044778 0.04807 0.047486 0.050358 0.048343 0.046611 0.048088 0.049057 0.045402 0.045731 0.054526
0.4 0.051424 0.051627 0.048957 0.051548 0.054858 0.055249 0.05212 0.052705 0.053875 0.054331 0.058887 0.061021 0.062767
0.6 0.043837 0.047743 0.047434 0.051085 0.051408 0.050245 0.051852 0.057993 0.058165 0.058916 0.059101 0.059238 0.059476
0.8 0.051085 0.047613 0.056701 0.050983 0.052621 0.055995 0.049517 0.053261 0.0504 0.044469 0.053655 0.046799 0.048376
d5 0.055205 0.05698 0.05633 0.06043 0.057839 0.055357 0.052577 0.057225 0.058691 0.059044 0.051766 0.054713 0.056079
1.2 0.055082 0.054866 0.061103 0.063301 0.06494 0.065196 0.065121 0.064515 0.065907 0.065151 0.059996 0.060485 0.062479
1.4 0.062377 0.055521 0.063443 0.065866 0.063489 0.059655 0.055099 0.058721 0.062408 0.065807 0.063081 0.06789 0.062278
1.6 0.061184 0.057925 0.06727 0.067192 0.065421 0.059301 0.052976 0.058777 0.064172 0.066516 0.075695 0.069126 0.065719
1.8 0.058759 0.057583 0.058794 0.061082 0.067137 0.065892 0.065557 0.066833 0.066594 0.064915 0.064056 0.060992 0.074904
d1 0.066081 0.063961 0.062338 0.062409 0.070029 0.071801 0.068442 0.066819 0.067345 0.07263 0.078501 0.077467 0.07776
2.2 0.066671 0.059916 0.064811 0.068428 0.069775 0.072229 0.074005 0.073639 0.064506 0.073246 0.081059 0.0825 0.0821
2.4 0.061053 0.068866 0.075957 0.075894 0.071854 0.068589 0.071899 0.077328 0.078842 0.064283 0.07693 0.079019 0.08584
2.6 0.06996 0.06406 0.068881 0.068931 0.068818 0.06231 0.059456 0.063969 0.066405 0.062731 0.074103 0.069188 0.072536
2.8 0.061351 0.066202 0.059846 0.065916 0.06841 0.074076 0.067376 0.070228 0.06704 0.072877 0.085938 0.079188 0.07834
d2 0.045977 0.053386 0.063782 0.069235 0.066008 0.062832 0.062558 0.064164 0.06393 0.062673 0.074735 0.073995 0.076596
3.2 0.058482 0.066096 0.06453 0.066065 0.063742 0.061836 0.05964 0.068297 0.072189 0.06857 0.070873 0.074246 0.073394
3.4 0.058654 0.058362 0.063144 0.069906 0.069368 0.064067 0.063776 0.065758 0.068137 0.067799 0.084158 0.087148 0.0891
3.6 0.047549 0.048856 0.050836 0.057955 0.058449 0.05523 0.055443 0.059672 0.06019 0.065034 0.062444 0.064328 0.073513
3.8 0.053719 0.048098 0.059098 0.057791 0.063217 0.058017 0.055677 0.057383 0.054234 0.056106 0.07332 0.066482 0.060819
d3 0.05457 0.052391 0.05484 0.055218 0.054903 0.053115 0.049784 0.054092 0.057382 0.05369 0.050276 0.05436 0.052395
4.2 0.04421 0.050727 0.050678 0.051255 0.046426 0.044991 0.046252 0.045906 0.046319 0.063278 0.062029 0.060922
4.4 0.046525 0.04639 0.046258 0.044015 0.041925 0.044587 0.048844 0.055568 0.056629 0.054435
4.6 0.040971 0.042953 0.045684 0.046744 0.046967 0.048527 0.047215 0.05562
4.8 0.045423 0.047353 0.048576 0.047571 0.049098
d4 0.044919 0.040842 0.047353
Average 0.057001 0.055671 0.058583 0.060197 0.060655 0.058469 0.056869 0.059366 0.059334 0.05964 0.064504 0.06381 0.065472
453
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.063394 0.065243 0.068237 0.067449 0.07245 0.073344 0.075327 0.068121 0.070887 0.070367 0.073687 0.078823 0.071468 0.072381
0.056675 0.05603 0.061767 0.061188 0.061043 0.061044 0.055178 0.057165 0.061564 0.055788 0.058724 0.059142 0.055827 0.055902
0.064982 0.066367 0.063858 0.064414 0.062533 0.061469 0.066337 0.062811 0.059826 0.066802 0.064217 0.065041 0.065264 0.068143
0.05029 0.056221 0.060735 0.056345 0.06324 0.058786 0.056282 0.070196 0.068738 0.071271 0.068753 0.064053 0.06396 0.064859
0.054494 0.054823 0.05421 0.056508 0.056303 0.057828 0.062173 0.054578 0.054131 0.054594 0.056113 0.057938 0.060017 0.065128
0.064862 0.068812 0.063297 0.058652 0.061145 0.058953 0.062733 0.059293 0.061167 0.05983 0.061846 0.062499 0.065532 0.065893
0.06856 0.07208 0.068935 0.068223 0.071254 0.067211 0.068001 0.073088 0.076718 0.071348 0.073878 0.07581 0.075628 0.078441
0.06563 0.072795 0.072037 0.071573 0.07642 0.076348 0.077463 0.07567 0.074941 0.079882 0.082519 0.088729 0.081881 0.083341
0.072541 0.076261 0.074758 0.077055 0.07556 0.075279 0.08389 0.080509 0.080865 0.079235 0.081797 0.086613 0.08761 0.091611
0.076515 0.075769 0.081206 0.077916 0.077914 0.077078 0.078971 0.072297 0.080086 0.076714 0.077405 0.086509 0.078891 0.08007
0.073614 0.077356 0.086932 0.084488 0.089337 0.084763 0.086371 0.093824 0.097211 0.094018 0.089933 0.085676 0.089159 0.086751
0.089348 0.079479 0.071251 0.073088 0.075515 0.082092 0.082051 0.09853 0.093698 0.086805 0.093582 0.095445 0.100792 0.105554
0.078733 0.086616 0.089058 0.081033 0.08947 0.08697 0.098147 0.082983 0.090215 0.088621 0.092885 0.090073 0.085748 0.095011
0.076011 0.075321 0.080715 0.075569 0.080495 0.077875 0.081224 0.064739 0.064322 0.067886 0.073803 0.078866 0.078268 0.079203
0.078239 0.077596 0.087995 0.086699 0.082504 0.077963 0.078085 0.079131 0.080792 0.074844 0.076944 0.085703 0.079635 0.083488
0.071319 0.079034 0.078143 0.073578 0.071525 0.075845 0.074954 0.080742 0.094072 0.082635 0.086151 0.091065 0.082792 0.091494
0.083944 0.087203 0.076035 0.068903 0.066644 0.07018 0.080757 0.075955 0.083179 0.078993 0.082788 0.084546 0.081173 0.083402
0.090177 0.095572 0.094497 0.086302 0.084185 0.088524 0.082667 0.076714 0.08924 0.080396 0.085178 0.094523 0.089988 0.093971
0.074302 0.072032 0.071454 0.07131 0.070696 0.070867 0.067692 0.069522 0.067251 0.072751 0.071513 0.072137 0.073354 0.075709
0.061299 0.071209 0.074531 0.075612 0.072664 0.071738 0.071939 0.076158 0.083978 0.079026 0.075798 0.076159 0.073013 0.088267
0.053348 0.055602 0.058749 0.057076 0.057999 0.058933 0.058932 0.060746 0.056857 0.066134 0.066892 0.066655 0.063938 0.063541
0.066945 0.069262 0.072484 0.068371 0.063077 0.06251 0.071485 0.070328 0.07361 0.068891 0.069316 0.072439 0.067392 0.075509
0.056437 0.055968 0.063935 0.059861 0.057958 0.059513 0.063293 0.058683 0.068709 0.064939 0.065426 0.067237 0.062437 0.063436
0.054201 0.055142 0.053214 0.05329 0.055351 0.055798 0.05331 0.059454 0.057793 0.057497 0.059555 0.061867 0.065464 0.068629
0.051754 0.055838 0.056279 0.053028 0.055171 0.05442 0.057095 0.052851 0.059875 0.054808 0.059998 0.062227 0.060731 0.061982
0.050915 0.047874 0.049354 0.052192 0.050733 0.050712 0.052022 0.045745 0.046695 0.045112 0.047263 0.051531 0.05099 0.05653
0.067251 0.069442 0.070526 0.068451 0.069277 0.069079 0.071015 0.069994 0.072939 0.071123 0.072922 0.075435 0.073498 0.076856
454
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.072537 0.070968 0.070523 0.054885 0.0616 0.059494 0.061878 0.062912 0.059966 0.052605 0.052262 0.058448 0.062655 0.051139
0.052095 0.05242 0.051332 0.064415 0.061917 0.056492 0.055151 0.057613 0.065486 0.060267 0.055784 0.053172 0.049805 0.051045
0.069873 0.065739 0.068269 0.058894 0.059493 0.052883 0.05482 0.054483 0.055765 0.059715 0.058 0.058674 0.058018 0.047882
0.067616 0.064187 0.069076 0.060661 0.055843 0.055981 0.060726 0.066926 0.057549 0.059698 0.0687 0.081089 0.074483 0.051531
0.067301 0.059596 0.058529 0.053846 0.053061 0.049824 0.053476 0.050749 0.053349 0.054217 0.053163 0.052787 0.052265 0.049207
0.064799 0.063854 0.064474 0.07564 0.063151 0.060964 0.059687 0.061777 0.066701 0.067988 0.064419 0.060575 0.062299 0.057106
0.072388 0.074215 0.074045 0.073539 0.066733 0.064628 0.064537 0.064563 0.068955 0.064045 0.060189 0.062774 0.07338 0.062394
0.080386 0.086144 0.078835 0.069287 0.078728 0.079282 0.077604 0.07748 0.082575 0.072114 0.070353 0.072238 0.071553 0.070918
0.097359 0.086996 0.090291 0.081436 0.084665 0.080153 0.081351 0.079436 0.079241 0.080893 0.088312 0.080101 0.082716 0.076543
0.082691 0.093092 0.081473 0.070858 0.072522 0.067052 0.079595 0.076786 0.080765 0.073822 0.075804 0.076894 0.080974 0.066188
0.086714 0.093919 0.095392 0.089628 0.083131 0.080275 0.085826 0.094998 0.102168 0.10175 0.105613 0.124369 0.111907 0.084123
0.094088 0.096693 0.0885 0.0925 0.079428 0.083414 0.086512 0.092255 0.093115 0.089079 0.088906 0.0928 0.086429 0.073181
0.095558 0.090485 0.08965 0.098687 0.085622 0.091035 0.098599 0.089845 0.094117 0.094498 0.090722 0.092733 0.093408 0.079221
0.083741 0.079263 0.087676 0.070677 0.069728 0.0708 0.068844 0.078055 0.08287 0.079143 0.076836 0.080483 0.081341 0.071008
0.085689 0.086276 0.082291 0.080935 0.084976 0.076051 0.075152 0.082607 0.079379 0.088622 0.085872 0.08648 0.082641 0.0677
0.079737 0.072132 0.072843 0.091092 0.09273 0.088726 0.094765 0.088976 0.090346 0.07709 0.076634 0.075215 0.074383 0.059746
0.084496 0.082386 0.087926 0.077907 0.073682 0.074871 0.077279 0.077093 0.076498 0.077242 0.072179 0.072453 0.07216 0.071934
0.093752 0.088976 0.079781 0.087929 0.090375 0.084535 0.094602 0.085456 0.089245 0.083628 0.08804 0.083988 0.089908 0.065781
0.081515 0.07692 0.076966 0.061156 0.062132 0.058015 0.060295 0.068247 0.066462 0.06765 0.068825 0.073701 0.068067 0.063699
0.082977 0.083259 0.077584 0.079479 0.084499 0.075823 0.07878 0.074641 0.083841 0.080043 0.076357 0.080573 0.086307 0.069792
0.067483 0.071095 0.068414 0.055593 0.056113 0.057404 0.063419 0.055875 0.058579 0.061598 0.06132 0.064288 0.061575 0.055982
0.070854 0.07099 0.070983 0.079113 0.068221 0.072888 0.071949 0.065192 0.069046 0.075821 0.069794 0.066175 0.071341 0.058876
0.063575 0.058575 0.068576 0.068372 0.063783 0.062592 0.061554 0.0606 0.065469 0.062699 0.065426 0.06763 0.064205 0.062215
0.068537 0.068575 0.058774 0.051025 0.057511 0.055236 0.057506 0.060046 0.062408 0.066776 0.066202 0.064198 0.061516 0.053934
0.061533 0.062621 0.059325 0.055216 0.057543 0.055997 0.061176 0.063865 0.0645 0.061701 0.062213 0.064968 0.066968 0.050288
0.057539 0.055369 0.053558 0.04655 0.046783 0.043546 0.044636 0.04878 0.049508 0.05129 0.052526 0.051546 0.050532 0.048649
0.07634 0.075182 0.074042 0.071128 0.069768 0.067614 0.070374 0.070741 0.072996 0.071692 0.071325 0.073014 0.072724 0.062311
455
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.05108 0.051932 0.049021 0.046051 0.047467 0.047181 0.044775 0.044797 0.044837 0.040981 0.038395 0.0388 0.033618 0.032915
0.050369 0.044938 0.04737 0.044294 0.045415 0.047488 0.044493 0.046194 0.045512 0.046643 0.045309 0.047985 0.044589 0.041599
0.051844 0.052644 0.050574 0.051107 0.060903 0.05909 0.05507 0.05144 0.048349 0.049949 0.04659 0.038728 0.045838 0.049233
0.050632 0.056387 0.055141 0.059568 0.05916 0.052231 0.054136 0.055061 0.062351 0.050316 0.047032 0.050629 0.046446 0.047994
0.04821 0.048442 0.046666 0.052041 0.054332 0.050731 0.048096 0.049878 0.049395 0.056958 0.052662 0.042557 0.050058 0.0514
0.057065 0.060723 0.059331 0.055532 0.055625 0.05735 0.062022 0.06459 0.065996 0.060449 0.057216 0.05809 0.056159 0.05385
0.064607 0.060593 0.06305 0.056271 0.056577 0.059358 0.068463 0.070374 0.073761 0.078607 0.070885 0.067259 0.062641 0.055184
0.071365 0.076016 0.067229 0.072305 0.070364 0.069892 0.066648 0.070731 0.068863 0.081027 0.0863 0.076991 0.072431 0.063654
0.070425 0.068166 0.064129 0.076886 0.075952 0.075653 0.069626 0.06673 0.068041 0.064767 0.056885 0.055607 0.055517 0.058408
0.078457 0.07751 0.07295 0.070288 0.069114 0.069058 0.07284 0.067522 0.069311 0.071641 0.076496 0.066805 0.068195 0.062264
0.082475 0.087945 0.074723 0.070836 0.068572 0.067571 0.06566 0.073679 0.082381 0.077373 0.073153 0.072063 0.068484 0.076522
0.06738 0.076119 0.075167 0.064732 0.066318 0.073442 0.070061 0.077051 0.074889 0.073708 0.070754 0.067953 0.074265 0.077097
0.080269 0.07759 0.084088 0.075432 0.080806 0.074611 0.079613 0.085576 0.091098 0.083969 0.076404 0.07369 0.069643 0.069933
0.079522 0.075203 0.073364 0.072603 0.068356 0.066523 0.06719 0.069099 0.069393 0.072416 0.075829 0.07485 0.069163 0.083072
0.063997 0.064947 0.067954 0.072615 0.074194 0.067347 0.06646 0.067618 0.072184 0.068158 0.068483 0.065506 0.074796 0.079442
0.058949 0.057482 0.057911 0.061778 0.061931 0.060843 0.062287 0.069536 0.071836 0.07276 0.067363 0.060757 0.070378 0.070823
0.067883 0.069729 0.064508 0.067801 0.065091 0.070412 0.06968 0.075391 0.078768 0.083535 0.076764 0.071145 0.077404 0.071564
0.069846 0.07285 0.068258 0.061957 0.067582 0.067816 0.064718 0.076452 0.080168 0.066388 0.069072 0.066669 0.065732 0.073029
0.068871 0.069507 0.077649 0.077012 0.07772 0.077617 0.076679 0.07203 0.073495 0.069442 0.07266 0.068025 0.07241 0.076427
0.068842 0.06871 0.068275 0.063174 0.061894 0.060569 0.067157 0.073237 0.074868 0.082538 0.084741 0.073983 0.072552 0.082112
0.058657 0.057594 0.057309 0.06426 0.074655 0.068408 0.065633 0.063176 0.066157 0.071967 0.069209 0.058561 0.063386 0.05978
0.055458 0.055959 0.059817 0.059036 0.059729 0.060748 0.065979 0.070817 0.073279 0.065185 0.063441 0.060161 0.061655 0.072258
0.060816 0.059224 0.065113 0.063619 0.064368 0.062757 0.062614 0.069688 0.06634 0.063233 0.066837 0.05981 0.061291 0.064487
0.052405 0.056404 0.060344 0.052736 0.058092 0.059794 0.05503 0.052848 0.056834 0.055516 0.052657 0.057171 0.05568 0.060107
0.057933 0.059641 0.058579 0.052835 0.049568 0.05015 0.05522 0.055784 0.056917 0.062753 0.064049 0.062591 0.060675 0.059215
0.051588 0.051456 0.053604 0.050689 0.04845 0.049331 0.04892 0.04881 0.046733 0.051665 0.054727 0.052053 0.050934 0.056969
0.063036 0.063758 0.063159 0.062133 0.063163 0.062537 0.062656 0.064927 0.066606 0.066229 0.064766 0.061094 0.06169 0.063436
456
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.034145 0.033392 0.034851 0.030455 0.035075 0.055749
0.047596 0.045042 0.040474 0.044787 0.042538 0.051524
0.046432 0.046859 0.043156 0.044934 0.047273 0.056233
0.049699 0.05027 0.042834 0.040208 0.044284 0.057311
0.044811 0.048075 0.051003 0.050503 0.051435 0.052816
0.056758 0.062595 0.055668 0.054665 0.064824 0.060312
0.063924 0.071191 0.066087 0.067892 0.077103 0.066959
0.068467 0.068462 0.070152 0.063846 0.076108 0.071887
0.059123 0.05972 0.057022 0.058022 0.058994 0.0724
0.061014 0.060245 0.064618 0.067878 0.058404 0.071893
0.071897 0.085597 0.082515 0.087719 0.086573 0.082009
0.075199 0.078882 0.073549 0.079742 0.090946 0.080071
0.069468 0.078169 0.08975 0.094762 0.083353 0.083239
0.086309 0.087565 0.079676 0.076828 0.081187 0.073904
0.077451 0.080635 0.086815 0.07256 0.068206 0.075841
0.076367 0.076417 0.074906 0.083211 0.075497 0.073311
0.083189 0.096147 0.087762 0.089698 0.09483 0.075184
0.078705 0.082214 0.076305 0.094846 0.09061 0.079009
0.085046 0.084066 0.073357 0.06915 0.072758 0.068794
0.07302 0.077499 0.089263 0.086236 0.084259 0.072371
0.062433 0.065815 0.065275 0.064859 0.061565 0.060331
0.071338 0.084982 0.083526 0.077855 0.075638 0.065131
0.071048 0.070206 0.069517 0.069283 0.067368 0.061156
0.062011 0.062822 0.057255 0.058839 0.063554 0.056865
0.060138 0.066112 0.069743 0.069347 0.073111 0.058199
0.057752 0.053769 0.053374 0.051846 0.054668 0.050379
0.066868
0.065128 0.068336 0.066864 0.067307 0.068468
457
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 9
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.044296 0.048993 0.045725 0.046773 0.051135 0.050795 0.050606 0.052572 0.071293 0.070374 0.06513
0.2 0.04683 0.045223 0.048626 0.04929 0.050365 0.046767 0.044474 0.048242 0.049177 0.045084 0.044549 0.053542
0.4 0.043212 0.051359 0.04814 0.049524 0.052462 0.055796 0.049673 0.049542 0.050944 0.053063 0.061672 0.06405 0.062965
0.6 0.042688 0.046245 0.046112 0.048172 0.050132 0.046724 0.051176 0.057284 0.05854 0.05869 0.056287 0.056367 0.056023
0.8 0.050035 0.046635 0.054973 0.049429 0.05154 0.054845 0.047516 0.051109 0.048864 0.043114 0.05123 0.043775 0.046155
d5 0.054071 0.05581 0.054614 0.058589 0.056651 0.05422 0.050452 0.054913 0.056902 0.057244 0.049426 0.051178 0.053505
1.2 0.055867 0.057323 0.06171 0.064033 0.067407 0.065205 0.062998 0.061557 0.066118 0.06531 0.059575 0.058921 0.061351
1.4 0.059856 0.053829 0.06088 0.063205 0.062185 0.057244 0.05342 0.057515 0.059886 0.065109 0.06456 0.071481 0.065767
1.6 0.059928 0.056735 0.06522 0.065144 0.064077 0.058083 0.050835 0.056402 0.062216 0.064489 0.072273 0.06466 0.062702
1.8 0.056968 0.055256 0.057586 0.059827 0.064424 0.063884 0.064861 0.064133 0.064565 0.063581 0.063187 0.060569 0.074074
d1 0.063411 0.062012 0.059819 0.059887 0.068591 0.0689 0.066356 0.065447 0.064624 0.071859 0.08034 0.081564 0.082117
2.2 0.056024 0.059605 0.063729 0.065742 0.066727 0.072944 0.07053 0.06922 0.060997 0.071536 0.084893 0.086596 0.082358
2.4 0.061923 0.071951 0.076712 0.076772 0.074583 0.068599 0.069555 0.073783 0.079095 0.06444 0.076391 0.076976 0.08429
2.6 0.068125 0.06205 0.066962 0.065 0.06711 0.057943 0.058682 0.063187 0.066833 0.062491 0.070574 0.065835 0.068324
2.8 0.051553 0.065859 0.058846 0.063329 0.065422 0.074808 0.064213 0.066014 0.063393 0.071176 0.090003 0.083119 0.078586
d2 0.044771 0.051711 0.062004 0.065286 0.06437 0.058429 0.061743 0.063379 0.064342 0.062433 0.071177 0.070409 0.072148
3.2 0.059315 0.069056 0.065171 0.066829 0.066163 0.061845 0.057696 0.065166 0.07242 0.068738 0.070377 0.072326 0.072069
3.4 0.056284 0.056583 0.060592 0.067081 0.067943 0.061479 0.061833 0.064407 0.065384 0.06708 0.08613 0.091757 0.094092
3.6 0.046572 0.047852 0.049286 0.056189 0.057249 0.054095 0.053203 0.057261 0.058356 0.063052 0.059622 0.060172 0.070139
3.8 0.045141 0.047849 0.058112 0.055523 0.060456 0.058591 0.053063 0.05394 0.051284 0.054796 0.076788 0.069783 0.061011
d3 0.055348 0.054737 0.055385 0.055857 0.056988 0.053123 0.048161 0.051612 0.057565 0.053821 0.049924 0.052955 0.051449
4.2 0.042862 0.048677 0.04863 0.050203 0.04455 0.043619 0.045302 0.044051 0.045828 0.064761 0.06531 0.064335
4.4 0.043872 0.045239 0.043016 0.043442 0.041412 0.044874 0.048657 0.052922 0.053885 0.051274
4.6 0.039722 0.042497 0.043839 0.04532 0.046002 0.047868 0.046887 0.055004
4.8 0.043587 0.046851 0.049715 0.050087 0.051849
d4 0.047044 0.04287 0.047502
Average 0.054268 0.055341 0.057457 0.058502 0.05978 0.057133 0.055143 0.057154 0.05796 0.058844 0.064351 0.06371 0.064914
458
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.064435 0.066604 0.068798 0.067652 0.070559 0.073972 0.072215 0.064127 0.071187 0.07231 0.073106 0.073096 0.067307 0.072361
0.054889 0.052572 0.057134 0.057569 0.056997 0.056697 0.052482 0.056792 0.057676 0.058511 0.058158 0.059437 0.055465 0.054939
0.06315 0.064557 0.061117 0.061408 0.059744 0.060282 0.064448 0.063134 0.059838 0.062535 0.062124 0.06361 0.063556 0.064436
0.048326 0.052549 0.056127 0.05151 0.060091 0.051694 0.053494 0.071704 0.067819 0.070036 0.066667 0.059497 0.062484 0.064096
0.053237 0.053547 0.052195 0.05608 0.05557 0.055625 0.0599 0.054512 0.052996 0.053174 0.05501 0.055394 0.056682 0.061723
0.063366 0.067211 0.060944 0.058208 0.060349 0.056707 0.060441 0.059222 0.059884 0.058274 0.06063 0.059755 0.061891 0.062449
0.066399 0.067631 0.063763 0.064188 0.06653 0.062425 0.064679 0.072611 0.071872 0.07483 0.073166 0.076188 0.075138 0.077089
0.068903 0.075869 0.071688 0.069746 0.07556 0.073966 0.074136 0.081225 0.081225 0.085616 0.088575 0.091883 0.081827 0.081646
0.070868 0.074486 0.071979 0.076472 0.074577 0.072411 0.080824 0.080413 0.07917 0.077174 0.080189 0.082811 0.082742 0.086822
0.077772 0.07735 0.081875 0.07815 0.07588 0.077738 0.075709 0.068059 0.080425 0.078832 0.076795 0.080224 0.074298 0.080048
0.077286 0.080623 0.08651 0.082331 0.088332 0.082118 0.082662 0.100713 0.105363 0.100767 0.096533 0.088721 0.089101 0.084986
0.086829 0.077311 0.068193 0.069678 0.072148 0.080506 0.079715 0.099037 0.093717 0.081261 0.090531 0.093345 0.098154 0.099812
0.076252 0.08127 0.082377 0.07624 0.08354 0.080778 0.093352 0.082441 0.084516 0.092945 0.091989 0.090522 0.085191 0.093374
0.073043 0.070401 0.074591 0.069085 0.076487 0.068481 0.077202 0.06613 0.063462 0.06671 0.071563 0.073256 0.076462 0.078272
0.076033 0.07548 0.084218 0.082653 0.078825 0.076457 0.075862 0.079538 0.08081 0.070064 0.074436 0.083817 0.077551 0.078946
0.068534 0.073872 0.072214 0.067264 0.067964 0.066695 0.071242 0.082477 0.092815 0.081203 0.083537 0.084588 0.080882 0.090419
0.081299 0.081821 0.070331 0.064827 0.062226 0.065183 0.076812 0.075459 0.077925 0.082847 0.081989 0.084968 0.080646 0.081965
0.094675 0.099608 0.094038 0.084099 0.083237 0.085762 0.079117 0.082347 0.096723 0.086167 0.091428 0.097883 0.089929 0.092059
0.072588 0.070355 0.068798 0.07077 0.069775 0.068168 0.065218 0.069439 0.065841 0.070858 0.070107 0.06897 0.069279 0.071752
0.05957 0.069266 0.071332 0.072084 0.069424 0.070352 0.069891 0.07655 0.083996 0.073978 0.073328 0.074483 0.071102 0.083465
0.051667 0.05217 0.054342 0.0537 0.054155 0.054736 0.056053 0.060349 0.053266 0.069361 0.066247 0.066988 0.063523 0.062446
0.070284 0.072186 0.072132 0.066625 0.062367 0.060559 0.068416 0.075491 0.079783 0.073836 0.074403 0.075014 0.067348 0.073973
0.054233 0.052312 0.059084 0.054724 0.055073 0.052334 0.060159 0.059944 0.067791 0.063814 0.06344 0.062455 0.060997 0.06269
0.055091 0.056292 0.053652 0.05345 0.053906 0.056276 0.051108 0.055968 0.058037 0.059085 0.059085 0.057372 0.061653 0.068611
0.054335 0.058196 0.056006 0.051674 0.054549 0.052722 0.054643 0.056731 0.064896 0.058742 0.064401 0.064439 0.060691 0.060721
0.04948 0.046568 0.047235 0.049757 0.048471 0.049732 0.050541 0.04598 0.046705 0.042231 0.045722 0.050398 0.049655 0.053455
0.066636 0.068081 0.067718 0.065767 0.066782 0.065861 0.068089 0.070784 0.07299 0.071737 0.072814 0.073812 0.071675 0.074714
459
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.071063 0.073126 0.066956 0.054929 0.060383 0.05857 0.058661 0.060134 0.058005 0.051917 0.050105 0.054518 0.05804 0.051715
0.04969 0.049962 0.048974 0.065903 0.064157 0.057404 0.054536 0.059381 0.066794 0.055326 0.054424 0.051813 0.050419 0.052999
0.066658 0.060189 0.064056 0.057405 0.056056 0.049487 0.053905 0.05256 0.055239 0.057944 0.057472 0.05317 0.054256 0.045246
0.06648 0.062776 0.066235 0.057033 0.052167 0.052995 0.057584 0.064588 0.054394 0.05782 0.064653 0.076805 0.07093 0.050403
0.063462 0.056806 0.056226 0.052971 0.052007 0.047463 0.05229 0.051642 0.05378 0.052585 0.052557 0.051699 0.050357 0.047681
0.061103 0.060865 0.061938 0.074411 0.061897 0.058075 0.058362 0.062864 0.06724 0.065942 0.063685 0.059326 0.060024 0.055336
0.069046 0.070734 0.070644 0.075238 0.069147 0.065671 0.063818 0.066544 0.070333 0.058794 0.058721 0.06117 0.074284 0.064781
0.080596 0.084723 0.078648 0.06423 0.079336 0.075342 0.072641 0.075708 0.080912 0.068155 0.066503 0.066202 0.066605 0.079104
0.091805 0.082923 0.086738 0.080113 0.082984 0.076355 0.079546 0.080833 0.079881 0.078459 0.087305 0.07845 0.079696 0.07417
0.081011 0.095923 0.077352 0.070915 0.07109 0.06601 0.075457 0.073396 0.078124 0.072856 0.072676 0.071724 0.075009 0.066933
0.086941 0.09237 0.095165 0.083087 0.083773 0.076285 0.080337 0.092826 0.100109 0.096164 0.099833 0.113977 0.104169 0.093832
0.08976 0.088529 0.083039 0.090162 0.074839 0.078057 0.085069 0.088999 0.092238 0.086438 0.088096 0.084094 0.080825 0.069152
0.091146 0.086242 0.085532 0.100966 0.08872 0.092505 0.097499 0.092602 0.095997 0.086751 0.08851 0.090364 0.094558 0.082252
0.082334 0.077521 0.08407 0.066449 0.065138 0.067023 0.065282 0.075329 0.078327 0.076653 0.07231 0.076232 0.07746 0.069454
0.081747 0.078991 0.077212 0.078888 0.080066 0.071167 0.073899 0.079692 0.078631 0.085994 0.08509 0.078368 0.077283 0.063973
0.078397 0.070547 0.069847 0.085643 0.086627 0.083993 0.089862 0.085868 0.085393 0.074665 0.07212 0.071242 0.070835 0.058438
0.080595 0.078522 0.083888 0.079706 0.076348 0.07608 0.076417 0.079459 0.078026 0.070909 0.07042 0.070602 0.073048 0.074686
0.093998 0.087508 0.079592 0.081512 0.091073 0.080334 0.088552 0.083502 0.087447 0.079037 0.083222 0.07697 0.083691 0.073374
0.076865 0.073319 0.073937 0.060162 0.060898 0.055266 0.058957 0.069447 0.066999 0.065614 0.06804 0.072182 0.065582 0.061724
0.07916 0.076229 0.072796 0.07747 0.079616 0.070953 0.077466 0.072007 0.083051 0.07767 0.075662 0.073014 0.080711 0.06595
0.064368 0.067761 0.065271 0.056877 0.058143 0.058331 0.062712 0.05759 0.05975 0.056548 0.059825 0.062645 0.062333 0.058125
0.071039 0.069819 0.070814 0.073339 0.068748 0.069266 0.067348 0.063701 0.067655 0.071659 0.065975 0.060646 0.066408 0.065671
0.062507 0.057288 0.065756 0.064282 0.059585 0.059253 0.058369 0.058483 0.06188 0.060726 0.061572 0.064058 0.061142 0.060854
0.067145 0.07066 0.055801 0.051065 0.056375 0.054378 0.054516 0.057395 0.060367 0.065902 0.06347 0.059882 0.056984 0.054541
0.061694 0.061588 0.059184 0.051186 0.057988 0.053214 0.057264 0.062405 0.063201 0.058314 0.058809 0.059539 0.062337 0.056092
0.054892 0.050694 0.050253 0.045373 0.04408 0.040749 0.043892 0.047059 0.049042 0.049769 0.052048 0.04671 0.047256 0.045971
0.073981 0.072524 0.071151 0.069205 0.068509 0.065162 0.067855 0.06977 0.072031 0.068562 0.068965 0.068669 0.069394 0.063171
460
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.051188 0.052285 0.050884 0.048835 0.049561 0.047792 0.039384 0.045658 0.043646 0.041934 0.038816 0.038935 0.03468 0.034096
0.050823 0.044698 0.043174 0.043842 0.044362 0.04566 0.041267 0.0445 0.044362 0.045112 0.045699 0.045716 0.045786 0.040639
0.051868 0.053009 0.0487 0.050495 0.058246 0.054266 0.051215 0.044766 0.044011 0.048942 0.044931 0.037416 0.046114 0.047198
0.04994 0.053695 0.056867 0.057265 0.061696 0.050468 0.054976 0.05285 0.059805 0.05183 0.050585 0.054474 0.043812 0.044287
0.046508 0.045754 0.044635 0.050802 0.050995 0.049489 0.046306 0.048059 0.047672 0.052002 0.049384 0.038998 0.046249 0.049103
0.055051 0.057353 0.056749 0.054209 0.052208 0.055946 0.059713 0.062234 0.063695 0.055189 0.053654 0.053232 0.051885 0.051443
0.065188 0.06027 0.057465 0.055696 0.055266 0.057074 0.063499 0.067793 0.071897 0.076028 0.071495 0.064079 0.064322 0.053911
0.074505 0.07562 0.068568 0.072094 0.070604 0.070826 0.066579 0.069418 0.06791 0.078234 0.082338 0.072192 0.07123 0.060795
0.067939 0.064383 0.061338 0.075055 0.071287 0.073801 0.067034 0.064297 0.065668 0.059131 0.053343 0.050956 0.051292 0.055797
0.078624 0.078037 0.075723 0.074538 0.072164 0.069952 0.06407 0.068821 0.067469 0.073307 0.077334 0.067038 0.070349 0.064497
0.086103 0.087486 0.076211 0.070629 0.068806 0.068474 0.065592 0.072312 0.081241 0.074707 0.069794 0.067572 0.067348 0.073085
0.067412 0.076647 0.072382 0.063956 0.063424 0.067446 0.065158 0.067054 0.06817 0.072223 0.068234 0.065651 0.074713 0.07391
0.080992 0.077176 0.076639 0.074662 0.078933 0.071739 0.073841 0.082437 0.088796 0.081213 0.077062 0.070206 0.071513 0.06832
0.078436 0.071613 0.07566 0.069795 0.071286 0.064277 0.068233 0.066324 0.066559 0.074594 0.081557 0.080535 0.065242 0.076656
0.064028 0.065398 0.065436 0.071745 0.070957 0.061849 0.061808 0.058845 0.065708 0.066785 0.066045 0.063287 0.075246 0.076158
0.058144 0.054738 0.059723 0.059389 0.064585 0.058789 0.063254 0.066743 0.068903 0.074949 0.072452 0.065371 0.066388 0.065353
0.068495 0.069357 0.058793 0.067109 0.063583 0.067702 0.064628 0.072626 0.076778 0.080794 0.077425 0.067781 0.079481 0.069914
0.072918 0.072469 0.069617 0.061776 0.067813 0.068723 0.064651 0.075033 0.079059 0.0641 0.0659 0.062514 0.064642 0.069748
0.06644 0.06565 0.07427 0.075178 0.072946 0.075717 0.073825 0.069403 0.070932 0.063399 0.068136 0.062336 0.0669 0.07301
0.068875 0.069187 0.065745 0.062418 0.059193 0.055624 0.062457 0.063735 0.068152 0.080875 0.081724 0.071477 0.072989 0.078717
0.059185 0.057286 0.052233 0.063604 0.072925 0.065775 0.060874 0.060859 0.064486 0.069606 0.069805 0.055792 0.065088 0.058401
0.057897 0.055667 0.061009 0.058863 0.059933 0.06156 0.065911 0.069502 0.072266 0.062939 0.060528 0.056412 0.060632 0.069012
0.059986 0.056397 0.067151 0.061158 0.067127 0.060638 0.063586 0.06689 0.063631 0.065135 0.071887 0.064352 0.057815 0.059507
0.052516 0.056787 0.062638 0.055925 0.060656 0.060567 0.048405 0.053865 0.055324 0.056807 0.053234 0.05737 0.057439 0.062263
0.060481 0.05933 0.059746 0.052681 0.049737 0.05082 0.055164 0.054749 0.05613 0.06059 0.061108 0.05869 0.059669 0.056556
0.051613 0.051814 0.051618 0.050082 0.046336 0.045304 0.045496 0.042477 0.042541 0.050625 0.052778 0.05029 0.051241 0.054614
0.063275 0.062773 0.062037 0.061608 0.062486 0.06078 0.059882 0.061971 0.064031 0.064656 0.064048 0.059334 0.060849 0.061038
461
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.03448 0.034483 0.034799 0.030416 0.034766 0.055003
0.046263 0.043525 0.039264 0.043166 0.042189 0.050565
0.042479 0.041009 0.039832 0.042427 0.045439 0.054039
0.046528 0.048412 0.041857 0.040498 0.045813 0.055518
0.041352 0.043758 0.047466 0.049198 0.046442 0.050843
0.052376 0.056974 0.051807 0.053253 0.058532 0.058058
0.062134 0.068793 0.064111 0.065435 0.076469 0.065729
0.066085 0.068 0.067695 0.060744 0.071476 0.071174
0.054558 0.054357 0.053067 0.056523 0.053268 0.069768
0.061614 0.062213 0.064521 0.067792 0.05789 0.071008
0.069395 0.08502 0.079624 0.083456 0.081303 0.081133
0.068797 0.069035 0.067885 0.075292 0.087418 0.076921
0.067522 0.075537 0.087067 0.091333 0.082668 0.081686
0.080802 0.084328 0.077859 0.077382 0.083991 0.071616
0.070857 0.070569 0.08013 0.068511 0.06556 0.072849
0.071494 0.073592 0.073198 0.08381 0.078104 0.070973
0.080858 0.092909 0.085139 0.086452 0.094051 0.073801
0.075966 0.081659 0.073632 0.090236 0.085095 0.078218
0.07848 0.076517 0.068269 0.067363 0.065696 0.06614
0.066804 0.067825 0.082389 0.081424 0.08099 0.069458
0.060684 0.063599 0.063323 0.062512 0.061059 0.059222
0.068855 0.084409 0.0806 0.074071 0.071034 0.06447
0.066515 0.06761 0.067933 0.069782 0.069694 0.059302
0.06262 0.064873 0.057169 0.058764 0.062995 0.05628
0.058045 0.065666 0.0673 0.065977 0.068661 0.057668
0.052835 0.047058 0.049264 0.048953 0.052548 0.048372
0.065202
0.061861 0.065067 0.064046 0.065183 0.066275
462
Appendix 5.1                                                          Proteoglycans (g/cm3)
proteoglycans (g/cm3)
Layer 10
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.040752 0.045563 0.040237 0.041628 0.044998 0.045207 0.044027 0.04784 0.068864 0.067539 0.060063
0.2 0.041678 0.041605 0.045222 0.043374 0.044824 0.041155 0.039581 0.04197 0.04475 0.043547 0.042754 0.049376
0.4 0.03881 0.048385 0.044309 0.045586 0.050351 0.052298 0.047758 0.048615 0.043023 0.04503 0.057702 0.059089 0.059343
0.6 0.040818 0.039987 0.041801 0.045425 0.043853 0.043239 0.049851 0.050534 0.053739 0.054396 0.054213 0.051525 0.052793
0.8 0.045531 0.042903 0.051125 0.044486 0.04587 0.04936 0.04419 0.046508 0.043977 0.03794 0.045999 0.040493 0.039607
d5 0.050285 0.050786 0.049152 0.053901 0.050419 0.047713 0.043893 0.047224 0.050642 0.051519 0.042343 0.044901 0.049469
1.2 0.043998 0.05613 0.059134 0.061472 0.062689 0.055106 0.060836 0.059977 0.061387 0.062387 0.054983 0.057136 0.060523
1.4 0.055666 0.048984 0.054791 0.058148 0.055344 0.050374 0.046475 0.049462 0.053298 0.058597 0.055309 0.062713 0.060806
1.6 0.052736 0.050493 0.060002 0.060583 0.056387 0.051693 0.044734 0.050197 0.054127 0.058685 0.06981 0.062055 0.057824
1.8 0.051165 0.052057 0.053004 0.055069 0.061832 0.05988 0.062361 0.062932 0.054526 0.053956 0.059119 0.055878 0.069813
d1 0.057703 0.05705 0.055631 0.053898 0.061045 0.062009 0.061711 0.059555 0.058161 0.063235 0.072138 0.07545 0.070467
2.2 0.05357 0.051539 0.057772 0.061993 0.05837 0.067504 0.068703 0.061064 0.055995 0.066302 0.081765 0.079157 0.077611
2.4 0.056349 0.066194 0.071341 0.069094 0.066378 0.061738 0.064685 0.067141 0.071184 0.056706 0.068592 0.071206 0.072331
2.6 0.061186 0.058457 0.061633 0.059831 0.064409 0.054311 0.056419 0.062003 0.056442 0.053031 0.06603 0.060735 0.064393
2.8 0.040601 0.064488 0.05639 0.060796 0.060842 0.063222 0.062009 0.06432 0.058857 0.06799 0.083065 0.080601 0.077526
d2 0.04281 0.044714 0.056208 0.061563 0.056308 0.054071 0.060144 0.055911 0.059066 0.057865 0.068554 0.06436 0.067989
3.2 0.055162 0.06284 0.058653 0.061482 0.058884 0.054423 0.050195 0.056042 0.064452 0.061863 0.060292 0.063455 0.066633
3.4 0.049529 0.050358 0.055744 0.062385 0.059789 0.054715 0.054412 0.057321 0.056883 0.061042 0.083194 0.08806 0.086772
3.6 0.041828 0.045081 0.045364 0.05172 0.054945 0.050704 0.051152 0.056189 0.049282 0.053507 0.055783 0.055511 0.066104
3.8 0.043163 0.041374 0.052679 0.052357 0.052883 0.054221 0.051688 0.047584 0.047078 0.050787 0.073958 0.063788 0.057494
d3 0.04971 0.051568 0.050978 0.051415 0.054694 0.049793 0.046304 0.050646 0.048615 0.045674 0.04671 0.048853 0.04849
4.2 0.039433 0.045269 0.043766 0.04468 0.040095 0.040566 0.041224 0.039645 0.040328 0.058149 0.060414 0.055208
4.4 0.04137 0.039573 0.039808 0.042317 0.036532 0.041194 0.045097 0.050972 0.049256 0.048318
4.6 0.03357 0.041039 0.042713 0.042077 0.043943 0.044179 0.045467 0.054261
4.8 0.03681 0.039758 0.046514 0.046207 0.048867
d4 0.043418 0.041571 0.046861
Average 0.04898 0.050691 0.052879 0.054223 0.05405 0.051512 0.051566 0.052437 0.051458 0.052889 0.059815 0.059161 0.060344
463
Appendix 5.1                                                          Proteoglycans (g/cm3)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.063196 0.063299 0.064463 0.061408 0.06409 0.06619 0.066116 0.060911 0.057049 0.063901 0.064627 0.062205 0.064881 0.063037
0.053834 0.049963 0.053533 0.052255 0.051771 0.050733 0.04805 0.053943 0.046221 0.051706 0.051413 0.050581 0.053466 0.047859
0.059395 0.063525 0.056458 0.056509 0.054458 0.053519 0.055962 0.061082 0.061003 0.056606 0.058032 0.059316 0.058939 0.058676
0.045245 0.048656 0.051809 0.047164 0.054953 0.04658 0.04376 0.06829 0.060917 0.063464 0.061617 0.057257 0.058677 0.063555
0.047212 0.046926 0.044986 0.048693 0.049087 0.050767 0.05402 0.050161 0.046155 0.046027 0.049899 0.052298 0.048713 0.05943
0.063912 0.06753 0.056963 0.052825 0.054218 0.050533 0.053241 0.056384 0.05533 0.054353 0.055802 0.052796 0.051583 0.052351
0.06348 0.06395 0.059029 0.057964 0.05943 0.056099 0.054826 0.066498 0.066301 0.070151 0.068394 0.067291 0.066081 0.063711
0.069497 0.076229 0.067005 0.063296 0.067884 0.065912 0.065306 0.077332 0.075048 0.079857 0.081522 0.081182 0.068199 0.068444
0.069506 0.07079 0.067443 0.069413 0.067739 0.064794 0.073999 0.076379 0.063446 0.068199 0.070888 0.070472 0.07976 0.075634
0.073148 0.076114 0.075633 0.071915 0.069167 0.069017 0.065741 0.065846 0.081991 0.071358 0.071736 0.074808 0.068901 0.072892
0.068538 0.070654 0.074561 0.071486 0.078026 0.074946 0.074547 0.092673 0.091761 0.087223 0.087566 0.083764 0.076573 0.081829
0.081292 0.071584 0.062947 0.063799 0.065979 0.072542 0.065209 0.094322 0.08418 0.073636 0.083673 0.089832 0.092173 0.09897
0.067621 0.071221 0.070999 0.066198 0.073793 0.073723 0.084187 0.075859 0.073605 0.080453 0.083444 0.085464 0.073213 0.089905
0.068701 0.069277 0.068904 0.063573 0.06972 0.060798 0.067037 0.063981 0.064698 0.060385 0.06685 0.068311 0.070908 0.071275
0.072691 0.071371 0.077964 0.074639 0.070412 0.068709 0.064305 0.072843 0.074546 0.065683 0.069582 0.07403 0.068203 0.065246
0.064164 0.068399 0.066659 0.061589 0.062152 0.060098 0.058277 0.07855 0.083369 0.073584 0.077209 0.081404 0.075954 0.089656
0.081999 0.082209 0.065737 0.058832 0.055905 0.058086 0.067662 0.071843 0.071998 0.077274 0.075461 0.075073 0.067214 0.068712
0.092855 0.094665 0.088112 0.076337 0.075606 0.076739 0.072435 0.078216 0.077514 0.076146 0.080824 0.083298 0.086687 0.080197
0.068273 0.069232 0.063553 0.065125 0.063602 0.06052 0.056631 0.067181 0.067123 0.06414 0.06549 0.064314 0.064246 0.065338
0.055772 0.064135 0.065845 0.066002 0.063488 0.063393 0.057172 0.072905 0.075448 0.067037 0.067773 0.07168 0.06677 0.082761
0.048595 0.051337 0.050199 0.049416 0.049363 0.048596 0.048672 0.058387 0.054303 0.062785 0.061884 0.062466 0.058909 0.056864
0.062329 0.06326 0.062169 0.057849 0.055091 0.055271 0.061699 0.069465 0.069483 0.063912 0.067491 0.070822 0.057878 0.071225
0.050775 0.048436 0.054539 0.050107 0.050364 0.047157 0.049211 0.05709 0.060892 0.057826 0.058634 0.060104 0.05728 0.062161
0.052669 0.053228 0.049668 0.048267 0.048153 0.050573 0.043322 0.051257 0.053539 0.055391 0.055231 0.050673 0.054222 0.056704
0.051105 0.057266 0.051736 0.047552 0.049723 0.046807 0.047448 0.054887 0.066159 0.053173 0.060159 0.060088 0.056282 0.055293
0.047305 0.044034 0.043728 0.044933 0.043298 0.044692 0.042842 0.04211 0.043085 0.03959 0.042741 0.044512 0.04367 0.044178
0.063196 0.064511 0.062102 0.059506 0.060287 0.059108 0.059295 0.066861 0.066352 0.064764 0.066844 0.067463 0.064976 0.067919
464
Appendix 5.1                                                          Proteoglycans (g/cm3)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.065117 0.066297 0.058005 0.050131 0.056103 0.052091 0.052623 0.051234 0.053932 0.046413 0.046162 0.048913 0.054141 0.046911
0.045532 0.045296 0.042427 0.060147 0.059609 0.051055 0.048922 0.050592 0.062104 0.049461 0.050141 0.046486 0.047032 0.048076
0.056602 0.053701 0.05696 0.055118 0.052622 0.047478 0.049706 0.050424 0.051686 0.054559 0.053366 0.052796 0.054251 0.041784
0.062479 0.059113 0.059435 0.055135 0.049814 0.04797 0.052324 0.05993 0.050417 0.051135 0.05705 0.072585 0.070133 0.048092
0.056394 0.049465 0.050826 0.051041 0.051461 0.043207 0.049129 0.047834 0.048828 0.046163 0.046623 0.047789 0.04516 0.037113
0.052623 0.052536 0.055515 0.060652 0.052424 0.052276 0.051154 0.055663 0.055209 0.055641 0.052592 0.05306 0.054436 0.052052
0.063138 0.061752 0.068641 0.070948 0.065895 0.064155 0.057479 0.063315 0.064448 0.057237 0.050078 0.053892 0.067865 0.058529
0.06941 0.073129 0.070492 0.052354 0.067194 0.067819 0.06367 0.067036 0.066435 0.057508 0.054919 0.05921 0.060404 0.07441
0.084123 0.075179 0.075143 0.073116 0.077101 0.067909 0.071358 0.068869 0.074272 0.070142 0.080434 0.070384 0.074342 0.067281
0.06879 0.085583 0.068783 0.06809 0.066735 0.063331 0.069579 0.070412 0.073098 0.0686 0.067484 0.07122 0.075002 0.061812
0.077257 0.080433 0.086025 0.080061 0.082893 0.069446 0.075481 0.085981 0.09089 0.08442 0.088561 0.105358 0.093418 0.073036
0.084357 0.083363 0.074514 0.087161 0.071463 0.070656 0.077299 0.082581 0.085493 0.076445 0.077736 0.079474 0.079916 0.065981
0.080994 0.075097 0.077317 0.097289 0.087789 0.084211 0.091606 0.085774 0.087157 0.076156 0.078516 0.083531 0.084799 0.064023
0.069913 0.069165 0.074757 0.063802 0.061148 0.064303 0.060197 0.072266 0.073287 0.072175 0.067144 0.075696 0.077453 0.06414
0.074753 0.068961 0.075023 0.074391 0.076301 0.069524 0.066559 0.075825 0.072052 0.083717 0.072565 0.069044 0.070605 0.057799
0.073679 0.066431 0.062677 0.082793 0.082719 0.076029 0.081654 0.079675 0.079148 0.066033 0.063638 0.067328 0.070039 0.055758
0.069409 0.067777 0.075188 0.064968 0.064663 0.068483 0.066979 0.070357 0.064065 0.059832 0.058153 0.063145 0.066247 0.070255
0.086132 0.079336 0.068952 0.074392 0.084616 0.071448 0.079438 0.071144 0.081306 0.070659 0.076672 0.069056 0.078069 0.066559
0.06527 0.065415 0.065747 0.057766 0.057168 0.053023 0.054365 0.066624 0.062689 0.061781 0.06318 0.071675 0.065576 0.057002
0.074395 0.071781 0.065323 0.074892 0.076025 0.064225 0.07039 0.066814 0.076978 0.06869 0.066764 0.069003 0.079804 0.062925
0.054657 0.060457 0.058041 0.054612 0.054581 0.055963 0.057827 0.055249 0.055906 0.053245 0.055552 0.062205 0.062328 0.053677
0.063127 0.060796 0.064013 0.070668 0.068026 0.063055 0.063277 0.059004 0.061424 0.062907 0.058525 0.05606 0.059554 0.051116
0.058745 0.053945 0.059005 0.062143 0.056897 0.053635 0.053038 0.054265 0.057355 0.053706 0.054331 0.060538 0.060455 0.058063
0.0614 0.061688 0.054219 0.048154 0.053724 0.053122 0.049102 0.054609 0.055316 0.064157 0.054127 0.052757 0.05206 0.049277
0.052387 0.054949 0.052628 0.049147 0.054435 0.051054 0.052804 0.059868 0.059135 0.054907 0.054607 0.059121 0.062331 0.0518
0.050195 0.044257 0.048828 0.042786 0.042007 0.039808 0.039533 0.044775 0.044939 0.048451 0.044387 0.041153 0.043173 0.041534
0.066188 0.064842 0.064173 0.064683 0.064362 0.060203 0.06175 0.064235 0.065676 0.062082 0.061281 0.063903 0.065715 0.056885
465
Appendix 5.1                                                          Proteoglycans (g/cm3)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.048144 0.048091 0.047971 0.043088 0.043393 0.039673 0.036558 0.041548 0.039546 0.039675 0.036666 0.036252 0.031109 0.031871
0.0478 0.041113 0.040702 0.038683 0.038841 0.037904 0.038306 0.040494 0.040195 0.042682 0.043168 0.042566 0.041072 0.037987
0.05098 0.053339 0.045984 0.048175 0.054948 0.050235 0.048317 0.042925 0.040788 0.042979 0.042162 0.036099 0.044389 0.046773
0.040212 0.045683 0.042611 0.044987 0.048671 0.043027 0.048828 0.044963 0.052231 0.046102 0.047025 0.052342 0.040216 0.043645
0.043868 0.041933 0.039193 0.044941 0.043909 0.042769 0.042178 0.042918 0.040177 0.041358 0.041368 0.030953 0.037682 0.040841
0.050246 0.051402 0.051678 0.048613 0.046303 0.050452 0.052903 0.055605 0.057087 0.048055 0.049215 0.050045 0.048386 0.044844
0.056638 0.056314 0.056006 0.052963 0.047592 0.05261 0.058186 0.060487 0.059001 0.069141 0.062645 0.056267 0.061084 0.046629
0.068001 0.067773 0.062441 0.06465 0.062619 0.063871 0.058987 0.062023 0.060865 0.068122 0.075526 0.06787 0.066426 0.052997
0.063898 0.05922 0.057826 0.066222 0.062415 0.061264 0.062224 0.058509 0.0595 0.055946 0.050389 0.047445 0.046011 0.052156
0.077278 0.078522 0.071499 0.071114 0.068078 0.064756 0.060444 0.06599 0.062528 0.064376 0.072569 0.064677 0.067717 0.063917
0.081215 0.080181 0.06692 0.062481 0.059245 0.059176 0.059746 0.064576 0.068468 0.059416 0.058466 0.053633 0.054873 0.060788
0.05428 0.06521 0.054237 0.050243 0.050035 0.057502 0.057871 0.057048 0.059537 0.064241 0.063433 0.063081 0.068581 0.072837
0.076393 0.070732 0.067295 0.066049 0.067965 0.061998 0.067259 0.073618 0.074835 0.064591 0.064554 0.055724 0.058267 0.056825
0.077094 0.072058 0.07144 0.066589 0.06725 0.059503 0.064372 0.063596 0.061685 0.065506 0.076532 0.077699 0.062801 0.075966
0.055629 0.061105 0.063774 0.068224 0.061104 0.057012 0.056637 0.052503 0.053922 0.060735 0.057869 0.055572 0.071458 0.065871
0.046817 0.04657 0.044751 0.046655 0.050951 0.050122 0.05618 0.056784 0.060177 0.066666 0.067354 0.062812 0.060939 0.064405
0.062516 0.06216 0.05354 0.060181 0.056392 0.061054 0.057258 0.06489 0.068813 0.070351 0.07102 0.063723 0.07412 0.060946
0.068582 0.066657 0.065631 0.054506 0.059373 0.057048 0.060012 0.068279 0.071633 0.060647 0.062251 0.058206 0.057986 0.065197
0.065303 0.066058 0.070127 0.071724 0.068816 0.070093 0.069647 0.066549 0.065737 0.055675 0.063937 0.06014 0.064398 0.072353
0.055458 0.058863 0.049264 0.049035 0.046697 0.047423 0.055472 0.054224 0.059521 0.071938 0.075973 0.068679 0.066998 0.077575
0.058172 0.057642 0.049319 0.060682 0.068797 0.06089 0.057429 0.058356 0.059763 0.061125 0.065504 0.053827 0.062653 0.057875
0.05461 0.051018 0.05357 0.052072 0.051605 0.053201 0.060036 0.062068 0.060904 0.050057 0.050703 0.044775 0.049401 0.057401
0.0483 0.047981 0.050317 0.048045 0.052956 0.051698 0.056475 0.056908 0.055573 0.057937 0.066828 0.061833 0.05307 0.058643
0.045628 0.05306 0.061047 0.05318 0.052233 0.055831 0.044355 0.04806 0.045401 0.051661 0.046644 0.050377 0.054547 0.053853
0.059446 0.059699 0.056414 0.050261 0.046921 0.047045 0.052042 0.052497 0.052019 0.053208 0.057342 0.056623 0.057437 0.056047
0.044843 0.048413 0.050308 0.047624 0.039902 0.041761 0.04169 0.037899 0.03491 0.046038 0.046245 0.044159 0.048662 0.047237
0.057744 0.058107 0.055533 0.055038 0.0545 0.053766 0.054747 0.055897 0.056339 0.056855 0.058284 0.054438 0.05578 0.056365
466
Appendix 5.1                                                          Proteoglycans (g/cm3)
Average
56 57 58 59 60
0.032568 0.031745 0.030975 0.026231 0.031368 0.049942
0.043697 0.04007 0.034949 0.037227 0.038066 0.045891
0.035619 0.035224 0.033553 0.039447 0.04372 0.050342
0.045299 0.045929 0.039631 0.037118 0.039834 0.050635
0.036622 0.039101 0.040079 0.039969 0.037084 0.045172
0.046465 0.051311 0.047686 0.048301 0.05363 0.051969
0.056656 0.060505 0.054544 0.05596 0.064162 0.059895
0.058627 0.061242 0.06231 0.055095 0.06549 0.06376
0.051533 0.050042 0.047235 0.048745 0.048062 0.063268
0.051664 0.053437 0.05435 0.06303 0.0557 0.066167
0.061457 0.075972 0.067234 0.067801 0.064921 0.072034
0.066979 0.065495 0.064275 0.069008 0.076009 0.070297
0.059798 0.067498 0.073519 0.0742 0.066011 0.072567
0.067754 0.072432 0.065586 0.071946 0.080813 0.066656
0.06461 0.062067 0.068172 0.058591 0.055008 0.066465
0.069605 0.069819 0.069305 0.076815 0.067911 0.064881
0.071733 0.083675 0.078367 0.078413 0.086175 0.06612
0.071754 0.075176 0.06554 0.07782 0.076778 0.071012
0.065807 0.065723 0.057507 0.062632 0.063211 0.061578
0.065038 0.064347 0.078007 0.074628 0.07042 0.063447
0.050885 0.054628 0.053341 0.058122 0.058749 0.055121
0.060979 0.075426 0.068058 0.060177 0.056721 0.057137
0.064757 0.064144 0.06432 0.063958 0.060599 0.054026
0.0571 0.057057 0.048638 0.050254 0.052856 0.051194
0.048672 0.056403 0.056691 0.061342 0.066063 0.053677
0.048177 0.041388 0.041913 0.041865 0.04409 0.04391
0.059307
0.055918 0.058456 0.056376 0.057642 0.058594
467
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Surface Surface
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.289261 0.289392 0.301153 0.290301 0.299888 0.291567 0.279111 0.302974 0.325109 0.363608 0.368842
0.2 0.281626 0.268146 0.272933 0.281689 0.283876 0.271176 0.278124 0.303081 0.309967 0.32175 0.311313 0.315663
0.4 0.263356 0.267043 0.275816 0.286911 0.310042 0.28971 0.296739 0.301132 0.322092 0.293601 0.293336 0.350196 0.343813
0.6 0.300909 0.294714 0.280581 0.344826 0.315007 0.302521 0.302097 0.333133 0.305627 0.26367 0.274015 0.287225 0.292616
0.8 0.255552 0.272381 0.262833 0.280777 0.27582 0.286115 0.276261 0.29978 0.304906 0.296407 0.295615 0.280871 0.308446
d5 0.276846 0.304583 0.273653 0.26509 0.3222 0.286289 0.298897 0.292863 0.287609 0.335374 0.352109 0.345426 0.330385
1.2 0.295852 0.302192 0.307967 0.308731 0.292062 0.278638 0.326347 0.288151 0.293887 0.349183 0.343766 0.347816 0.353557
1.4 0.2741 0.29607 0.313432 0.287373 0.32144 0.31699 0.323002 0.323691 0.328821 0.402544 0.426528 0.425896 0.41828
1.6 0.280668 0.332724 0.307877 0.314393 0.343741 0.301896 0.33787 0.306475 0.331829 0.303801 0.315435 0.337945 0.316278
1.8 0.274765 0.286517 0.285532 0.347062 0.299518 0.285648 0.263214 0.294121 0.336656 0.297667 0.279657 0.26675 0.299478
d1 0.295515 0.350609 0.296822 0.296897 0.287802 0.302696 0.36344 0.324499 0.331238 0.339927 0.348298 0.332162 0.335276
2.2 0.368409 0.343539 0.319267 0.289394 0.31673 0.330606 0.398702 0.372795 0.357752 0.36829 0.353313 0.405239 0.375069
2.4 0.29719 0.351508 0.309646 0.375379 0.366537 0.321397 0.30444 0.353422 0.355464 0.377767 0.362033 0.335304 0.354575
2.6 0.29772 0.285951 0.29713 0.328632 0.332262 0.304065 0.313252 0.308277 0.356836 0.270217 0.296931 0.331151 0.338133
2.8 0.256581 0.304257 0.289727 0.295738 0.334693 0.322353 0.301113 0.326438 0.349405 0.295681 0.34131 0.354716 0.352193
d2 0.275298 0.263686 0.244961 0.286747 0.276129 0.245478 0.276001 0.310059 0.310476 0.241218 0.252552 0.243234 0.255584
3.2 0.251548 0.293193 0.255221 0.252493 0.302328 0.264882 0.28342 0.283488 0.276176 0.315046 0.351616 0.348767 0.300597
3.4 0.220059 0.246777 0.270617 0.302544 0.2685 0.259081 0.258011 0.294814 0.317129 0.288245 0.302758 0.307321 0.313744
3.6 0.267352 0.282586 0.272168 0.314631 0.323144 0.306884 0.30801 0.305973 0.31265 0.323871 0.314096 0.322229 0.337634
3.8 0.248092 0.277176 0.293571 0.276959 0.273745 0.267908 0.285364 0.297349 0.312906 0.299951 0.291892 0.320705 0.321978
d3 0.258206 0.274067 0.266304 0.28035 0.286321 0.296519 0.273076 0.279015 0.303243 0.343421 0.308213 0.339161 0.337051
4.2 0.250452 0.256929 0.287415 0.30492 0.292956 0.296082 0.3326 0.352728 0.302552 0.322584 0.3628 0.344302
4.4 0.228383 0.24067 0.24309 0.293944 0.281005 0.311839 0.312653 0.334448 0.334106 0.333175
4.6 0.24022 0.250546 0.234172 0.251265 0.265183 0.278822 0.30543 0.294747
4.8 0.252533 0.224355 0.238964 0.254049 0.255413
s8d4 0.225434 0.243038 0.242961
Average 0.276738 0.293412 0.283521 0.29622 0.303324 0.288338 0.300037 0.304706 0.31381 0.308943 0.313484 0.325248 0.324607
468
Appendix 5.2 Collagen (g/cm3)
Surface Surface
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.319606 0.321202 0.341385 0.342817 0.331898 0.316018 0.273569 0.289661 0.286104 0.297217 0.316391 0.314865 0.301705 0.298196
0.318507 0.331875 0.361004 0.333624 0.368302 0.318589 0.328598 0.367561 0.336716 0.343185 0.318314 0.325564 0.328653 0.322624
0.30643 0.306552 0.337327 0.312597 0.358176 0.368277 0.32097 0.315356 0.343273 0.368017 0.351115 0.307666 0.360724 0.356882
0.30973 0.299742 0.299902 0.315522 0.317819 0.3294 0.362551 0.354518 0.397018 0.332448 0.37559 0.352795 0.332876 0.349651
0.323543 0.34504 0.329401 0.336224 0.303108 0.296411 0.29521 0.295226 0.281067 0.260968 0.283313 0.287695 0.314451 0.308139
0.340031 0.363912 0.356175 0.327502 0.334303 0.341822 0.34383 0.337529 0.329493 0.323605 0.326803 0.347106 0.322717 0.326386
0.34505 0.336689 0.327384 0.333557 0.351153 0.352858 0.345871 0.374763 0.371733 0.370689 0.365336 0.36608 0.365586 0.345824
0.428242 0.412961 0.416773 0.389568 0.337987 0.350693 0.363491 0.333544 0.332645 0.34052 0.33485 0.345166 0.34131 0.348944
0.30308 0.352729 0.36402 0.393197 0.386578 0.39569 0.321087 0.319725 0.305343 0.353055 0.376132 0.376002 0.371436 0.364425
0.312618 0.305909 0.311701 0.309607 0.311385 0.346067 0.35031 0.335839 0.335842 0.350571 0.336084 0.34367 0.34674 0.353145
0.342272 0.348709 0.365995 0.347313 0.346432 0.335347 0.326151 0.337327 0.385493 0.372525 0.357934 0.321802 0.373265 0.349642
0.382351 0.337585 0.343106 0.346579 0.363762 0.402491 0.417705 0.397976 0.406018 0.394761 0.3546 0.346946 0.4099 0.440332
0.390886 0.384245 0.356568 0.364453 0.334035 0.313604 0.39491 0.372907 0.435961 0.374235 0.396513 0.39574 0.396482 0.363103
0.31421 0.348192 0.378245 0.350924 0.385508 0.381683 0.361618 0.333246 0.33356 0.358694 0.355922 0.364401 0.39836 0.401537
0.357965 0.35153 0.332528 0.354159 0.373187 0.378397 0.343809 0.345407 0.350921 0.346927 0.358561 0.347134 0.402728 0.369113
0.278373 0.263271 0.254034 0.268419 0.246575 0.25871 0.298016 0.272064 0.355787 0.31327 0.324616 0.308657 0.29823 0.320613
0.312106 0.313378 0.352873 0.318221 0.322432 0.320802 0.330609 0.284371 0.318331 0.353553 0.3461 0.340356 0.324733 0.320625
0.268752 0.297467 0.304824 0.308466 0.288958 0.327051 0.29507 0.302756 0.384016 0.337676 0.355984 0.353808 0.344458 0.335236
0.307549 0.356751 0.353268 0.378947 0.3823 0.415075 0.381815 0.397968 0.366209 0.371837 0.388975 0.401541 0.389277 0.42161
0.327426 0.328156 0.3222 0.317944 0.309105 0.327438 0.352819 0.339684 0.322396 0.344708 0.347619 0.309879 0.392246 0.385526
0.309071 0.308605 0.338693 0.329173 0.338053 0.349567 0.309839 0.318358 0.331148 0.338602 0.338278 0.325233 0.336975 0.345668
0.354994 0.352962 0.352976 0.35233 0.357469 0.331095 0.325148 0.32641 0.363387 0.361491 0.322046 0.33847 0.362671 0.363137
0.364013 0.343747 0.346877 0.341074 0.335847 0.360304 0.331265 0.332248 0.355992 0.320864 0.328141 0.316334 0.354715 0.373506
0.26371 0.278494 0.278153 0.29348 0.285321 0.286748 0.298886 0.275809 0.282634 0.297287 0.314854 0.305685 0.314413 0.31092
0.269707 0.243736 0.252593 0.255255 0.258737 0.279871 0.276428 0.279551 0.285815 0.288072 0.26935 0.256505 0.294001 0.278066
0.245589 0.253922 0.255771 0.259203 0.28126 0.303301 0.303073 0.282704 0.262213 0.294078 0.278787 0.269566 0.325606 0.300416
0.322916 0.326437 0.332068 0.330006 0.331142 0.337973 0.332794 0.327789 0.340735 0.338802 0.339316 0.33341 0.350164 0.348202
469
Appendix 5.2 Collagen (g/cm3)
Surface
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.303703 0.295656 0.261536 0.289882 0.315936 0.316599 0.314376 0.284251 0.272813 0.290746 0.308963 0.297596 0.283759 0.313412
0.301602 0.285092 0.313849 0.334973 0.321536 0.326 0.331664 0.303451 0.303556 0.290736 0.289282 0.290519 0.293321 0.30961
0.391839 0.345397 0.339356 0.33859 0.330114 0.329188 0.353857 0.308157 0.316228 0.316283 0.351913 0.354533 0.332955 0.337986
0.34986 0.358986 0.318897 0.303947 0.271104 0.232103 0.336632 0.264424 0.268779 0.29109 0.275146 0.295437 0.285111 0.302591
0.296436 0.329556 0.266944 0.316323 0.325545 0.298451 0.335212 0.31762 0.293494 0.284609 0.294608 0.328971 0.293925 0.23796
0.322297 0.298982 0.304063 0.337154 0.338768 0.311883 0.309849 0.33374 0.334619 0.30434 0.30622 0.298516 0.303542 0.309834
0.35124 0.361524 0.349964 0.346115 0.316296 0.350082 0.333885 0.342069 0.32124 0.319909 0.324044 0.337863 0.365555 0.32908
0.368158 0.354708 0.345888 0.365159 0.388245 0.372765 0.398716 0.367041 0.355373 0.324561 0.332184 0.361707 0.350802 0.352138
0.357867 0.373631 0.338945 0.377672 0.370388 0.356927 0.331157 0.362834 0.343001 0.337443 0.384255 0.368307 0.353191 0.335082
0.338749 0.362307 0.294535 0.308901 0.333175 0.304248 0.318201 0.280181 0.303386 0.321678 0.336299 0.35251 0.35961 0.311358
0.34454 0.371799 0.38443 0.346465 0.3683 0.350401 0.318029 0.367005 0.334159 0.326697 0.333124 0.396766 0.330006 0.315533
0.418052 0.360008 0.403367 0.381897 0.374815 0.389247 0.387852 0.409147 0.358028 0.343602 0.378545 0.383525 0.358186 0.364908
0.38208 0.43784 0.368495 0.329892 0.322742 0.283928 0.352584 0.310857 0.319928 0.341038 0.286171 0.370353 0.297533 0.288254
0.376761 0.385121 0.35396 0.409089 0.397736 0.37215 0.38651 0.34278 0.362575 0.330603 0.378102 0.398798 0.368814 0.35907
0.386052 0.40375 0.35409 0.385756 0.379978 0.352722 0.338947 0.378802 0.330583 0.337149 0.352064 0.333935 0.373123 0.340297
0.295531 0.311516 0.278366 0.26622 0.227082 0.218704 0.287655 0.238278 0.236699 0.261618 0.254884 0.265439 0.254605 0.232395
0.318967 0.313869 0.317085 0.3275 0.313272 0.345012 0.303721 0.350195 0.327237 0.318982 0.32813 0.324487 0.341762 0.334852
0.328825 0.377238 0.303614 0.301537 0.295454 0.252737 0.331742 0.272027 0.290922 0.301563 0.284347 0.325859 0.262041 0.267568
0.412857 0.434401 0.361734 0.357818 0.366982 0.325208 0.409784 0.374124 0.378541 0.381889 0.412867 0.4021 0.436787 0.391492
0.343066 0.390206 0.31572 0.339535 0.335087 0.305624 0.333816 0.336524 0.346112 0.337689 0.387186 0.394166 0.341316 0.291892
0.344405 0.368223 0.334493 0.310655 0.32933 0.321478 0.371445 0.33918 0.332984 0.33739 0.34173 0.378652 0.370773 0.365941
0.369471 0.375207 0.35795 0.383254 0.38535 0.39462 0.361686 0.409571 0.351561 0.349734 0.358819 0.377383 0.386223 0.32134
0.327996 0.307007 0.348281 0.344151 0.369028 0.356996 0.40513 0.340318 0.334184 0.301628 0.357183 0.351959 0.336599 0.327392
0.295477 0.31317 0.268419 0.285879 0.307242 0.314684 0.302664 0.291003 0.286999 0.29547 0.323498 0.297574 0.305545 0.339892
0.290757 0.328571 0.292988 0.287348 0.289392 0.282975 0.30159 0.294816 0.297276 0.297709 0.302937 0.336183 0.33268 0.263988
0.319958 0.303703 0.281618 0.326322 0.310672 0.286334 0.302928 0.278906 0.286724 0.271043 0.298334 0.288518 0.28442 0.267243
0.343713 0.351826 0.32533 0.334694 0.333983 0.321195 0.340755 0.326819 0.318731 0.315969 0.330032 0.342756 0.330853 0.315812
470
Appendix 5.2 Collagen (g/cm3)
Surface Surface
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.315773 0.295132 0.276445 0.257512 0.254203 0.279069 0.280108 0.292719 0.248792 0.252154 0.247122 0.233358 0.23899 0.256953
0.311305 0.300656 0.301227 0.305082 0.269856 0.285018 0.260702 0.273375 0.252541 0.248841 0.252065 0.267058 0.239098 0.194841
0.321127 0.269244 0.267701 0.307981 0.330704 0.297287 0.316022 0.297212 0.281543 0.251721 0.257382 0.260965 0.244224 0.254033
0.310812 0.238293 0.264297 0.315777 0.300559 0.309942 0.300185 0.28156 0.312907 0.32928 0.285714 0.296897 0.271684 0.262001
0.272371 0.243616 0.243223 0.25893 0.273307 0.268384 0.252593 0.277003 0.234789 0.25115 0.272325 0.255513 0.256748 0.26334
0.278697 0.303202 0.303905 0.309923 0.302989 0.320049 0.294433 0.269483 0.267937 0.244553 0.247764 0.223671 0.24869 0.225079
0.346189 0.349588 0.334095 0.321376 0.295923 0.328895 0.298453 0.30292 0.288021 0.249404 0.291242 0.283097 0.256107 0.244546
0.352598 0.376881 0.36777 0.355966 0.330412 0.381034 0.376843 0.360466 0.321883 0.314579 0.340826 0.281272 0.30222 0.295085
0.318715 0.32824 0.36437 0.361009 0.347872 0.303009 0.326636 0.320378 0.303125 0.315198 0.310086 0.307359 0.297354 0.337143
0.335477 0.278932 0.317012 0.332037 0.360554 0.326227 0.307428 0.310455 0.301865 0.263855 0.294999 0.309078 0.256514 0.248051
0.421537 0.346645 0.319786 0.354075 0.370207 0.312715 0.313479 0.330451 0.368045 0.346348 0.336137 0.335663 0.29227 0.264994
0.449159 0.405221 0.343373 0.369865 0.351987 0.33439 0.369815 0.354125 0.329582 0.305006 0.312625 0.295618 0.350379 0.292128
0.309959 0.26291 0.280386 0.293348 0.3124 0.364893 0.307573 0.317242 0.327426 0.35618 0.326086 0.3323 0.310849 0.300451
0.335006 0.35583 0.363784 0.391242 0.36967 0.336696 0.35001 0.343443 0.310482 0.311196 0.328407 0.338493 0.311249 0.329666
0.378536 0.336921 0.315742 0.331328 0.350911 0.336152 0.320513 0.344036 0.291097 0.308536 0.322471 0.318244 0.293061 0.320834
0.250256 0.208828 0.249007 0.291457 0.265622 0.273813 0.260596 0.278869 0.262358 0.266575 0.248508 0.262301 0.261101 0.270266
0.325144 0.308539 0.323256 0.329721 0.306091 0.29349 0.29295 0.297879 0.319299 0.30057 0.287943 0.282905 0.287193 0.294076
0.29019 0.239857 0.293753 0.352852 0.341069 0.312213 0.311091 0.326872 0.278378 0.281074 0.253269 0.277958 0.276692 0.313624
0.384237 0.346205 0.364045 0.386176 0.414436 0.40514 0.409018 0.367875 0.386447 0.356418 0.359826 0.371743 0.310293 0.308936
0.35777 0.327747 0.328265 0.332382 0.308613 0.334903 0.346348 0.367354 0.269035 0.249945 0.31333 0.297772 0.2965 0.279619
0.368653 0.332572 0.328002 0.346645 0.351229 0.364736 0.350973 0.338681 0.379653 0.341163 0.373605 0.35082 0.318995 0.314809
0.353253 0.339068 0.334251 0.393723 0.374413 0.340641 0.335886 0.369143 0.340935 0.336303 0.369014 0.342704 0.349329 0.355676
0.381475 0.361818 0.330231 0.346091 0.342411 0.33641 0.332136 0.348031 0.340516 0.341247 0.340468 0.313801 0.342914 0.298722
0.331676 0.318413 0.289667 0.289529 0.299321 0.334542 0.352889 0.331956 0.269485 0.272795 0.283626 0.292808 0.253009 0.249676
0.322959 0.284973 0.274044 0.309806 0.299526 0.303838 0.302002 0.299795 0.257679 0.24923 0.268462 0.263713 0.241234 0.226083
0.285174 0.274824 0.258527 0.273992 0.279531 0.264026 0.265585 0.289898 0.211417 0.215049 0.237146 0.266137 0.253305 0.239846
0.334925 0.309006 0.309083 0.327609 0.323224 0.321058 0.316703 0.318893 0.298278 0.290706 0.298479 0.294663 0.283077 0.27848
471
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.23718 0.253658 0.235657 0.217748 0.202917 0.289251
0.185791 0.194415 0.202823 0.198813 0.202262 0.292261
0.237205 0.211688 0.239739 0.22067 0.202365 0.307039
0.258526 0.272175 0.22876 0.236928 0.232394 0.301488
0.239338 0.23165 0.224354 0.209789 0.201095 0.281746
0.204545 0.210553 0.254088 0.231222 0.217177 0.301072
0.231217 0.256894 0.249821 0.239999 0.25631 0.320228
0.262 0.285206 0.285316 0.277034 0.253017 0.344879
0.307205 0.296656 0.285673 0.275394 0.267867 0.334624
0.251902 0.257116 0.283301 0.24202 0.288106 0.309269
0.269393 0.286432 0.264053 0.248551 0.263769 0.33412
0.266005 0.293212 0.254833 0.260734 0.290417 0.358048
0.280117 0.272732 0.270531 0.29714 0.250673 0.33672
0.298787 0.288771 0.295499 0.280738 0.263838 0.342526
0.297425 0.288594 0.263725 0.260063 0.282663 0.335745
0.276649 0.284743 0.229923 0.239447 0.276026 0.26879
0.272998 0.27974 0.299852 0.262712 0.270006 0.308945
0.301367 0.305497 0.305198 0.257711 0.278228 0.299108
0.309691 0.293394 0.331769 0.307026 0.278522 0.357369
0.270915 0.267475 0.261778 0.254177 0.280887 0.317292
0.303734 0.267349 0.32952 0.327523 0.277027 0.32791
0.332616 0.322661 0.305976 0.312909 0.313502 0.343645
0.30261 0.296222 0.258348 0.284972 0.279775 0.328145
0.230467 0.26217 0.252768 0.23582 0.251698 0.287938
0.230684 0.229549 0.223898 0.200056 0.237043 0.273784
0.215646 0.221966 0.197223 0.187149 0.211379 0.267629
0.314816
0.264385 0.266558 0.262863 0.252552 0.25496
472
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 02 Layer 02
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.281557 0.286213 0.289061 0.284846 0.295771 0.278944 0.271507 0.294495 0.321884 0.357133 0.363719
0.2 0.273221 0.261005 0.269935 0.270378 0.278542 0.267453 0.266083 0.294824 0.301292 0.318558 0.305769 0.311278
0.4 0.257527 0.266322 0.274321 0.274174 0.290419 0.286804 0.291554 0.28958 0.302238 0.284396 0.290965 0.342005 0.322984
0.6 0.292753 0.29261 0.27829 0.328868 0.307301 0.288606 0.283118 0.309781 0.283388 0.259165 0.27311 0.280975 0.286508
0.8 0.245844 0.257392 0.259722 0.266755 0.275205 0.272515 0.266739 0.274825 0.277529 0.286671 0.284492 0.277768 0.29086
d5 0.269727 0.287489 0.276066 0.269929 0.302799 0.294443 0.30316 0.28926 0.287331 0.329512 0.330299 0.325901 0.32902
1.2 0.281325 0.287839 0.286505 0.287983 0.267954 0.257326 0.304225 0.270968 0.279312 0.344916 0.314445 0.327813 0.324463
1.4 0.267052 0.279453 0.316196 0.292618 0.302085 0.326018 0.327609 0.319709 0.328503 0.395507 0.400109 0.401821 0.416552
1.6 0.277305 0.322794 0.299677 0.31094 0.329938 0.296223 0.333233 0.293207 0.322789 0.295299 0.312306 0.331928 0.311885
1.8 0.268683 0.285743 0.283985 0.331656 0.280561 0.282783 0.258615 0.282838 0.315904 0.288334 0.277397 0.26051 0.281335
d1 0.284289 0.331315 0.293308 0.282071 0.28716 0.288308 0.350913 0.297487 0.301497 0.328762 0.335193 0.328493 0.316161
2.2 0.358423 0.341086 0.31666 0.276001 0.308982 0.3154 0.373654 0.346663 0.331719 0.361998 0.352147 0.396421 0.36724
2.4 0.285899 0.332165 0.305981 0.356634 0.365719 0.306119 0.293947 0.324003 0.323548 0.365359 0.348411 0.3316 0.334359
2.6 0.29113 0.285179 0.29552 0.314044 0.311233 0.301015 0.307779 0.29645 0.33484 0.261745 0.294531 0.323405 0.317648
2.8 0.243982 0.289806 0.269536 0.275863 0.307066 0.297698 0.280702 0.306972 0.332077 0.292068 0.312199 0.334315 0.323212
d2 0.267836 0.261803 0.242961 0.273477 0.269375 0.234187 0.258661 0.288324 0.287884 0.237097 0.251718 0.237942 0.250249
3.2 0.245079 0.276738 0.257472 0.257102 0.284124 0.272426 0.287463 0.28 0.275909 0.309539 0.329837 0.329052 0.299355
3.4 0.217423 0.239412 0.26341 0.299221 0.257719 0.254213 0.254469 0.282051 0.308489 0.280178 0.299754 0.301849 0.309386
3.6 0.261434 0.281823 0.270693 0.300664 0.302692 0.303806 0.302628 0.294235 0.293379 0.313717 0.311557 0.314692 0.31718
3.8 0.241367 0.275196 0.291174 0.264142 0.267049 0.255586 0.267435 0.276505 0.290137 0.294826 0.290928 0.313726 0.315257
d3 0.25249 0.273327 0.264861 0.267905 0.268199 0.293545 0.268305 0.268311 0.284551 0.332654 0.305722 0.331228 0.316631
4.2 0.23667 0.253888 0.273062 0.30424 0.27903 0.285877 0.304914 0.321058 0.292615 0.310446 0.358792 0.324672
4.4 0.217814 0.234783 0.231908 0.275476 0.261307 0.289147 0.307311 0.333344 0.326836 0.32622
4.6 0.221846 0.233563 0.220208 0.238804 0.261942 0.255041 0.287864 0.270493
4.8 0.236967 0.217321 0.237032 0.248107 0.23994
s8d4 0.206207 0.229061 0.222968
Average 0.268925 0.284637 0.279218 0.28596 0.29061 0.280133 0.290515 0.288443 0.296533 0.301469 0.303755 0.315577 0.311137
473
Appendix 5.2 Collagen (g/cm3)
Layer 02 Layer 02
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.316083 0.308876 0.332385 0.330509 0.323491 0.304402 0.270407 0.264061 0.271758 0.282498 0.310773 0.310823 0.291158 0.287268
0.314996 0.319139 0.351486 0.321646 0.358973 0.306877 0.3248 0.335076 0.319832 0.32619 0.312662 0.321385 0.317164 0.310801
0.29045 0.295845 0.332508 0.310819 0.353891 0.344472 0.311238 0.303537 0.325401 0.350081 0.345697 0.304346 0.354134 0.331802
0.29061 0.297797 0.29871 0.297309 0.305467 0.301662 0.343565 0.340679 0.385984 0.325004 0.368133 0.347881 0.323157 0.323448
0.295008 0.315137 0.302635 0.308941 0.281727 0.298249 0.291444 0.274362 0.259053 0.25571 0.279424 0.284428 0.309305 0.304677
0.326632 0.34435 0.335657 0.330778 0.343313 0.339475 0.322628 0.34603 0.324298 0.310149 0.317432 0.343415 0.329088 0.330147
0.327423 0.319517 0.32395 0.322431 0.338477 0.329284 0.332443 0.36589 0.344696 0.351768 0.344088 0.349855 0.339109 0.329637
0.411366 0.390762 0.392763 0.393464 0.347097 0.348284 0.341077 0.341945 0.327401 0.326361 0.325249 0.341496 0.348048 0.352964
0.299739 0.339193 0.354423 0.37908 0.376786 0.381145 0.317376 0.291468 0.290033 0.335572 0.369453 0.371176 0.358451 0.351071
0.296315 0.295224 0.307247 0.307846 0.307659 0.323698 0.339688 0.323253 0.318357 0.333485 0.330898 0.339961 0.340405 0.328327
0.312085 0.318488 0.336255 0.319131 0.321994 0.337427 0.321991 0.313488 0.3553 0.365019 0.353021 0.318147 0.367156 0.345714
0.358747 0.335395 0.341743 0.326572 0.349625 0.368598 0.395831 0.38244 0.394734 0.385922 0.34756 0.342114 0.397933 0.407334
0.356412 0.350944 0.327595 0.334881 0.310472 0.315549 0.389872 0.346553 0.401815 0.366695 0.39107 0.391246 0.389994 0.359024
0.297823 0.336031 0.372841 0.348928 0.380896 0.357012 0.350653 0.320756 0.316194 0.341213 0.35043 0.360468 0.391082 0.373318
0.339678 0.333602 0.32904 0.342345 0.359715 0.353117 0.330462 0.33723 0.325398 0.329218 0.337708 0.331749 0.373561 0.351835
0.261188 0.261563 0.253024 0.252924 0.236992 0.236925 0.28241 0.261443 0.345899 0.306256 0.318171 0.304359 0.289523 0.296586
0.299807 0.296532 0.332544 0.321404 0.331123 0.318598 0.310222 0.291533 0.313312 0.338852 0.336176 0.336737 0.331144 0.324319
0.26579 0.286052 0.296788 0.297391 0.281638 0.315029 0.29166 0.275998 0.36476 0.320954 0.349662 0.349267 0.332417 0.322951
0.29151 0.344291 0.348221 0.376792 0.377726 0.388245 0.370238 0.383053 0.347143 0.353715 0.382973 0.397207 0.382165 0.391981
0.307213 0.326027 0.32092 0.299591 0.297092 0.299865 0.334343 0.326423 0.313436 0.33699 0.340717 0.305563 0.380794 0.356635
0.292953 0.297826 0.333853 0.327301 0.334009 0.326971 0.300445 0.306426 0.313908 0.3221 0.333059 0.321723 0.330818 0.321376
0.323686 0.322372 0.324294 0.323741 0.332253 0.333148 0.321001 0.303343 0.334925 0.354207 0.317626 0.334626 0.356736 0.359057
0.341542 0.341517 0.345498 0.321385 0.322794 0.329964 0.313918 0.319277 0.346098 0.31368 0.321626 0.311929 0.344359 0.345516
0.250238 0.264291 0.275236 0.283691 0.275021 0.267591 0.287282 0.269279 0.262077 0.282113 0.296542 0.292137 0.291642 0.296367
0.255641 0.235223 0.248984 0.253803 0.255642 0.261781 0.268046 0.269074 0.270934 0.274033 0.265194 0.253736 0.28863 0.258525
0.233043 0.240972 0.253088 0.250557 0.271107 0.283037 0.291307 0.276011 0.243141 0.279067 0.262573 0.257619 0.302025 0.286354
0.305999 0.312191 0.321988 0.318587 0.322115 0.321939 0.321321 0.314178 0.323688 0.325648 0.331074 0.327823 0.340769 0.332578
474
Appendix 5.2 Collagen (g/cm3)
Layer 02 Layer 02
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.298635 0.287491 0.252113 0.279023 0.30133 0.299482 0.310316 0.273532 0.258082 0.279957 0.290852 0.28618 0.276186 0.301761
0.296569 0.277218 0.302542 0.322424 0.30667 0.308375 0.327381 0.292009 0.287165 0.279948 0.272325 0.279374 0.285493 0.2981
0.368558 0.319578 0.317323 0.313969 0.310532 0.320805 0.328277 0.295232 0.2973 0.308493 0.333735 0.325844 0.308595 0.323344
0.342462 0.352688 0.306063 0.298131 0.260884 0.231438 0.323339 0.259639 0.262135 0.28726 0.255062 0.271872 0.281938 0.282361
0.293081 0.30824 0.263323 0.312427 0.303116 0.276736 0.3051 0.289092 0.277613 0.269462 0.291119 0.282483 0.259892 0.242074
0.314799 0.300157 0.311144 0.32444 0.334655 0.319554 0.315104 0.315323 0.314952 0.300828 0.307652 0.285777 0.30369 0.297467
0.329284 0.335306 0.329857 0.319882 0.297124 0.324168 0.312904 0.323256 0.299079 0.30201 0.303476 0.315302 0.34913 0.300648
0.359593 0.356103 0.353942 0.35139 0.383532 0.381934 0.405478 0.346786 0.334485 0.320815 0.333738 0.346272 0.350973 0.338082
0.351895 0.363312 0.326733 0.363524 0.353264 0.33763 0.32688 0.349152 0.324481 0.324921 0.361731 0.354179 0.343765 0.322625
0.318622 0.335224 0.275412 0.286439 0.313411 0.2965 0.295199 0.268429 0.285227 0.313755 0.318928 0.323985 0.3333 0.29787
0.340641 0.347751 0.379215 0.342198 0.342924 0.324906 0.28946 0.334041 0.316077 0.30931 0.329178 0.340697 0.291796 0.320988
0.409212 0.353692 0.387134 0.37459 0.360685 0.388132 0.372537 0.401742 0.349178 0.339082 0.350914 0.352934 0.3542 0.340511
0.377756 0.40952 0.363496 0.325828 0.300506 0.263269 0.320911 0.282936 0.302617 0.322888 0.282781 0.318017 0.263083 0.293237
0.354376 0.356332 0.330979 0.379341 0.374142 0.362673 0.35857 0.328403 0.340873 0.32246 0.358571 0.366527 0.341831 0.343515
0.361921 0.374469 0.333746 0.356518 0.356945 0.326613 0.317648 0.35797 0.307777 0.318286 0.329718 0.311636 0.356359 0.310896
0.289282 0.306051 0.267163 0.261126 0.218521 0.218078 0.276296 0.233966 0.230848 0.258177 0.23628 0.244267 0.251771 0.216858
0.311547 0.315103 0.324469 0.31515 0.309469 0.353499 0.308872 0.33087 0.308003 0.315301 0.329665 0.31064 0.341929 0.321487
0.323338 0.36682 0.292675 0.290241 0.281794 0.239072 0.327458 0.261769 0.275214 0.290372 0.26768 0.313359 0.255048 0.257621
0.388327 0.401929 0.338248 0.331799 0.345213 0.316926 0.380161 0.358432 0.355884 0.372483 0.39154 0.369563 0.404831 0.374533
0.335812 0.38336 0.303014 0.333038 0.322455 0.304749 0.320634 0.330434 0.337556 0.333247 0.358924 0.362727 0.337517 0.272378
0.323942 0.340698 0.312776 0.288065 0.309794 0.313291 0.344594 0.324954 0.313054 0.32908 0.324077 0.348012 0.343647 0.350088
0.365289 0.350938 0.353094 0.378533 0.3588 0.365907 0.329195 0.372783 0.332537 0.331122 0.354569 0.324054 0.341504 0.326895
0.32106 0.30162 0.334265 0.337566 0.355117 0.355973 0.389133 0.334159 0.325924 0.29766 0.331111 0.323887 0.332853 0.305504
0.277008 0.290459 0.252997 0.264212 0.288618 0.291391 0.283645 0.274999 0.267201 0.278939 0.302965 0.277703 0.291817 0.310526
0.273482 0.30401 0.273966 0.266452 0.272225 0.275769 0.279789 0.28245 0.279483 0.290376 0.287288 0.308979 0.308341 0.252552
0.299958 0.281678 0.265438 0.301589 0.29184 0.26514 0.283892 0.263567 0.266944 0.255879 0.279398 0.269252 0.27164 0.244154
0.331787 0.335375 0.313505 0.319919 0.317445 0.310077 0.324337 0.310997 0.301911 0.305851 0.314741 0.315905 0.314659 0.301772
475
Appendix 5.2 Collagen (g/cm3)
Layer 02 Layer 02
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.303953 0.291684 0.263179 0.246984 0.255171 0.270084 0.272636 0.287878 0.239402 0.238546 0.24013 0.225202 0.238553 0.254249
0.299652 0.297143 0.286772 0.292609 0.270884 0.275841 0.253747 0.268854 0.243009 0.235412 0.244933 0.257725 0.238661 0.192791
0.301582 0.263433 0.261331 0.292315 0.30594 0.271624 0.29216 0.294829 0.256448 0.236878 0.242004 0.238416 0.241367 0.240162
0.283593 0.230461 0.253442 0.306238 0.296851 0.301156 0.287634 0.278902 0.311032 0.322778 0.273268 0.283201 0.258462 0.256518
0.264541 0.262481 0.252462 0.268126 0.265765 0.252484 0.246531 0.265032 0.221019 0.228226 0.240853 0.233828 0.252647 0.259464
0.278727 0.297163 0.293398 0.313024 0.303946 0.306218 0.290603 0.270093 0.259507 0.234592 0.239968 0.220902 0.242742 0.218843
0.324019 0.329536 0.318482 0.302204 0.275046 0.300427 0.276267 0.278534 0.281911 0.243875 0.282582 0.271788 0.243546 0.230152
0.352637 0.369376 0.355055 0.359528 0.331455 0.364568 0.371941 0.361282 0.311755 0.301765 0.330102 0.27779 0.294991 0.28691
0.306785 0.324405 0.346885 0.346249 0.349197 0.293253 0.317923 0.31508 0.291685 0.298188 0.301312 0.296617 0.296811 0.333595
0.315058 0.272913 0.309469 0.315147 0.333555 0.298066 0.284215 0.307965 0.274958 0.248296 0.277374 0.282373 0.253513 0.234506
0.40942 0.373488 0.331934 0.366649 0.359992 0.294189 0.305955 0.316169 0.346459 0.314734 0.29729 0.307176 0.287602 0.261094
0.409824 0.391901 0.329269 0.358692 0.347645 0.32491 0.354353 0.350782 0.327607 0.298983 0.299006 0.281982 0.333328 0.286015
0.301049 0.283269 0.291038 0.303766 0.30378 0.343275 0.300191 0.303532 0.308223 0.323668 0.2884 0.304098 0.305885 0.296029
0.314616 0.348151 0.355127 0.371341 0.341988 0.307631 0.323582 0.340689 0.282807 0.292845 0.308786 0.309246 0.307607 0.311665
0.354296 0.317596 0.300986 0.311562 0.326155 0.307056 0.296687 0.31634 0.284921 0.301696 0.312883 0.305531 0.278688 0.30195
0.22834 0.201964 0.238779 0.282653 0.262346 0.266051 0.2497 0.276236 0.260786 0.261311 0.237682 0.250202 0.248394 0.26461
0.32518 0.302394 0.312079 0.33302 0.307058 0.280807 0.28914 0.298552 0.309253 0.288328 0.278884 0.279403 0.280324 0.285929
0.279328 0.237054 0.279657 0.338426 0.342369 0.302161 0.302793 0.321466 0.267871 0.265906 0.246104 0.268245 0.276187 0.310323
0.36085 0.338734 0.355382 0.366533 0.383402 0.370167 0.378134 0.364924 0.352002 0.3354 0.338328 0.339623 0.306663 0.292067
0.326438 0.316974 0.314782 0.322341 0.304806 0.325409 0.331867 0.363886 0.267423 0.245009 0.299681 0.284036 0.282071 0.273767
0.346215 0.325395 0.320198 0.329012 0.324928 0.33325 0.324472 0.335965 0.345813 0.321045 0.351283 0.320508 0.315263 0.29762
0.343099 0.365325 0.346948 0.407705 0.364082 0.32046 0.327825 0.35319 0.320939 0.305606 0.326367 0.31362 0.34375 0.350441
0.348068 0.349925 0.316667 0.335637 0.338187 0.326873 0.31825 0.344746 0.338475 0.334508 0.325637 0.299326 0.326226 0.292471
0.310436 0.30015 0.276129 0.272257 0.278204 0.305585 0.326656 0.305233 0.263767 0.266748 0.275193 0.281111 0.240599 0.23498
0.303302 0.278824 0.267523 0.294047 0.277096 0.277609 0.279199 0.29739 0.234711 0.234534 0.252423 0.240927 0.238411 0.213738
0.266912 0.25906 0.246445 0.257646 0.259811 0.241173 0.245842 0.266561 0.206932 0.210281 0.230095 0.255505 0.240881 0.225728
0.317612 0.304954 0.300901 0.318989 0.31191 0.30232 0.301858 0.310927 0.284951 0.276506 0.28233 0.278015 0.275891 0.269447
476
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.230525 0.244863 0.22897 0.213145 0.196517 0.280452
0.180578 0.187674 0.197068 0.194611 0.195882 0.2832
0.23087 0.20787 0.229051 0.214136 0.193735 0.293554
0.24768 0.264705 0.228161 0.230154 0.219135 0.291042
0.236347 0.228776 0.21653 0.203396 0.192888 0.26936
0.204024 0.206321 0.236277 0.221592 0.20752 0.295489
0.22198 0.239749 0.243098 0.228012 0.24352 0.302163
0.261332 0.279473 0.265316 0.265496 0.241767 0.338453
0.298585 0.28637 0.277567 0.269573 0.259418 0.324435
0.245175 0.252478 0.270672 0.234853 0.27582 0.295657
0.266026 0.282878 0.254844 0.240977 0.253005 0.319821
0.254845 0.285165 0.254165 0.253278 0.273848 0.345518
0.276617 0.269348 0.261097 0.288085 0.240443 0.322075
0.290808 0.283563 0.282326 0.272425 0.252588 0.327476
0.285543 0.269334 0.256628 0.247073 0.268558 0.316736
0.265042 0.276928 0.229321 0.232601 0.260279 0.259511
0.272301 0.274117 0.278833 0.251771 0.258 0.30313
0.292911 0.294905 0.296538 0.252263 0.269452 0.290072
0.301421 0.288102 0.316979 0.297934 0.266645 0.341449
0.259549 0.260135 0.261092 0.246909 0.264862 0.306264
0.295623 0.262526 0.31483 0.317824 0.265214 0.313393
0.32846 0.318658 0.295305 0.303374 0.300709 0.328938
0.289914 0.288092 0.257671 0.276823 0.263814 0.316498
0.221261 0.244673 0.245966 0.224041 0.239138 0.271779
0.224524 0.225409 0.213916 0.194131 0.226935 0.260931
0.207031 0.207152 0.191916 0.177801 0.200831 0.252522
0.30255
0.257268 0.258818 0.254005 0.244318 0.243482
477
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 03 Layer 03
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.221755 0.2144 0.212438 0.214755 0.220196 0.209145 0.201525 0.216658 0.248662 0.277747 0.277172
0.2 0.209687 0.198115 0.205584 0.19785 0.212507 0.20594 0.204005 0.220618 0.214292 0.226354 0.224857 0.234838
0.4 0.196647 0.200348 0.20258 0.202503 0.216726 0.212034 0.215267 0.215926 0.224937 0.209114 0.21438 0.253115 0.238446
0.6 0.210835 0.224982 0.212707 0.237496 0.228154 0.219448 0.217297 0.229136 0.209576 0.193154 0.206605 0.211467 0.218336
0.8 0.183677 0.191712 0.194048 0.200448 0.198889 0.199786 0.193387 0.202173 0.205788 0.210172 0.207141 0.204189 0.214033
d5 0.201521 0.214129 0.206259 0.202833 0.218831 0.215862 0.219792 0.212792 0.213055 0.241581 0.240494 0.239571 0.242114
1.2 0.214997 0.220905 0.217471 0.219329 0.196076 0.196321 0.234255 0.207751 0.209011 0.245319 0.223432 0.241067 0.244785
1.4 0.215298 0.225214 0.22893 0.20703 0.220799 0.232435 0.243975 0.227605 0.228541 0.284005 0.287692 0.291143 0.298353
1.6 0.207183 0.240425 0.2239 0.23365 0.238445 0.217167 0.241595 0.215695 0.239347 0.216498 0.227393 0.244002 0.229504
1.8 0.205307 0.218121 0.223667 0.24844 0.206191 0.2132 0.192533 0.212064 0.234478 0.212126 0.214295 0.202602 0.214391
d1 0.229194 0.26701 0.212359 0.199568 0.209891 0.20555 0.261329 0.211785 0.209753 0.236077 0.241015 0.238012 0.226448
2.2 0.273691 0.256591 0.233847 0.203852 0.230579 0.233175 0.275885 0.25849 0.246878 0.266174 0.259459 0.293388 0.271119
2.4 0.218493 0.254924 0.232254 0.271614 0.267616 0.233546 0.22634 0.248412 0.242112 0.259859 0.247567 0.243853 0.252251
2.6 0.209666 0.219268 0.225877 0.226791 0.231073 0.228883 0.236225 0.219275 0.247628 0.195078 0.222809 0.243401 0.242066
2.8 0.186304 0.218014 0.199047 0.20375 0.229149 0.220088 0.207255 0.228895 0.247144 0.214755 0.230026 0.247424 0.238614
d2 0.19289 0.201295 0.185704 0.197495 0.199996 0.178069 0.198526 0.213265 0.212901 0.176707 0.190422 0.179079 0.190705
3.2 0.187297 0.212386 0.195433 0.19581 0.207908 0.207841 0.221348 0.214675 0.206464 0.220157 0.234369 0.241979 0.225843
3.4 0.175286 0.192944 0.190712 0.211701 0.188371 0.181241 0.189507 0.200796 0.214618 0.20119 0.215534 0.218707 0.221596
3.6 0.195325 0.209909 0.202245 0.225929 0.218754 0.222726 0.219406 0.216451 0.21754 0.230001 0.226848 0.231332 0.233401
3.8 0.184307 0.207024 0.215025 0.195093 0.199286 0.188954 0.197459 0.206177 0.215931 0.216783 0.214353 0.232187 0.232741
d3 0.192961 0.209768 0.201042 0.204038 0.196255 0.223953 0.206596 0.205713 0.212931 0.236597 0.217233 0.243579 0.238877
4.2 0.190734 0.183818 0.193194 0.222375 0.198935 0.212896 0.217072 0.223361 0.21012 0.223221 0.259966 0.232545
4.4 0.157297 0.174313 0.176336 0.211432 0.193281 0.213836 0.229037 0.252171 0.245983 0.248599
4.6 0.167257 0.173883 0.165106 0.177251 0.192709 0.197024 0.223876 0.206129
4.8 0.164859 0.156054 0.170434 0.179768 0.171856
s8d4 0.151931 0.169526 0.164608
Average 0.204257 0.218352 0.2094 0.211211 0.213477 0.208336 0.217597 0.213987 0.217603 0.219369 0.222726 0.233916 0.23113
478
Appendix 5.2 Collagen (g/cm3)
Layer 03 Layer 03
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.243516 0.240873 0.254498 0.257049 0.244268 0.23793 0.203105 0.200425 0.207144 0.208536 0.228677 0.230058 0.228827 0.224537
0.237657 0.244033 0.269538 0.246264 0.269828 0.232443 0.23991 0.24859 0.24893 0.247658 0.235315 0.242094 0.244105 0.237854
0.218499 0.224867 0.252105 0.236516 0.267414 0.25903 0.230043 0.225119 0.246177 0.259702 0.264296 0.233846 0.263471 0.246913
0.218171 0.226163 0.224155 0.224305 0.231494 0.224971 0.257889 0.257995 0.278177 0.244344 0.273554 0.260144 0.243613 0.248332
0.223472 0.228044 0.222163 0.223033 0.206383 0.216406 0.222887 0.197769 0.19465 0.19407 0.205505 0.208308 0.232444 0.229108
0.247427 0.249183 0.246404 0.238798 0.251499 0.246319 0.246736 0.24943 0.243674 0.235386 0.233458 0.251509 0.247311 0.248261
0.247033 0.244322 0.248422 0.246865 0.254422 0.249415 0.245556 0.27145 0.268283 0.267078 0.258967 0.26354 0.260995 0.252269
0.300508 0.288099 0.291712 0.284618 0.264842 0.252253 0.253557 0.254881 0.244094 0.243537 0.249021 0.254616 0.259283 0.263064
0.227056 0.245452 0.26018 0.273668 0.27602 0.276555 0.242719 0.210099 0.217928 0.254681 0.271718 0.271841 0.269378 0.263995
0.228287 0.230227 0.23525 0.239424 0.232313 0.253013 0.255142 0.245352 0.242664 0.246174 0.243486 0.251625 0.267531 0.256629
0.227982 0.234813 0.249742 0.230848 0.245687 0.244389 0.239368 0.23367 0.264894 0.272384 0.270284 0.237208 0.273518 0.25766
0.269877 0.254928 0.259107 0.248503 0.26419 0.277171 0.292568 0.283637 0.29863 0.28629 0.265721 0.262866 0.296057 0.303121
0.268905 0.268353 0.251217 0.256397 0.233372 0.239012 0.287975 0.257104 0.312739 0.278411 0.294326 0.294719 0.300158 0.274758
0.223586 0.2552 0.279784 0.26325 0.288656 0.266249 0.263209 0.242908 0.227879 0.25653 0.260399 0.269557 0.294818 0.28662
0.255532 0.253565 0.249476 0.260505 0.271815 0.26553 0.244252 0.250107 0.246175 0.244225 0.258189 0.254901 0.277925 0.261821
0.196083 0.198645 0.189872 0.190819 0.179601 0.176691 0.211984 0.19799 0.249288 0.230249 0.236428 0.227598 0.218258 0.227708
0.226198 0.226746 0.255013 0.246079 0.248894 0.241321 0.229142 0.216286 0.243856 0.257272 0.253012 0.253659 0.254865 0.248199
0.194162 0.210899 0.220429 0.215122 0.214895 0.228166 0.21682 0.205726 0.271948 0.239502 0.267713 0.260411 0.247638 0.240695
0.220822 0.249141 0.255627 0.272016 0.276709 0.281707 0.283146 0.276117 0.26084 0.268451 0.281661 0.290906 0.287199 0.294758
0.231109 0.247808 0.243319 0.227971 0.224495 0.225487 0.24712 0.242092 0.237126 0.24999 0.26049 0.234781 0.283306 0.265393
0.221026 0.227736 0.256017 0.250593 0.251063 0.247663 0.22192 0.227335 0.244319 0.244553 0.250666 0.242349 0.254614 0.245947
0.236456 0.237677 0.240859 0.234183 0.253515 0.24129 0.238632 0.226108 0.249704 0.264316 0.243185 0.249494 0.265755 0.267605
0.256407 0.259366 0.259266 0.24247 0.244624 0.246077 0.235635 0.241788 0.249431 0.235831 0.238995 0.233259 0.259596 0.265275
0.192788 0.206104 0.21074 0.220637 0.207668 0.209157 0.21578 0.204386 0.199765 0.208252 0.218206 0.216228 0.229207 0.231648
0.186749 0.173424 0.184924 0.183592 0.195059 0.1896 0.199265 0.200564 0.201995 0.204489 0.203041 0.189184 0.215019 0.192678
0.175313 0.183159 0.19189 0.190659 0.204859 0.212833 0.215312 0.204704 0.183945 0.207021 0.200746 0.197943 0.224702 0.213092
0.229793 0.234955 0.242373 0.238622 0.242446 0.240026 0.239987 0.233524 0.243625 0.24419 0.248733 0.245486 0.257677 0.251844
479
Appendix 5.2 Collagen (g/cm3)
Layer 03 Layer 03
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.237797 0.223289 0.198683 0.21942 0.221699 0.222596 0.244596 0.214907 0.201204 0.206463 0.214343 0.221246 0.208643 0.220643
0.233839 0.214236 0.227405 0.248226 0.237275 0.23099 0.248882 0.21771 0.216721 0.208203 0.216151 0.216929 0.220009 0.219973
0.272484 0.238547 0.235894 0.233972 0.234947 0.241445 0.24364 0.225406 0.220104 0.23074 0.249479 0.243472 0.235897 0.246273
0.263077 0.27011 0.231249 0.222884 0.198003 0.173936 0.235766 0.198709 0.199529 0.217725 0.193493 0.200634 0.204152 0.208576
0.225273 0.233796 0.200553 0.234457 0.219118 0.212305 0.221144 0.208584 0.20565 0.194623 0.212961 0.206082 0.192498 0.180565
0.241966 0.227665 0.236975 0.243472 0.241917 0.245154 0.228396 0.22751 0.233309 0.217277 0.225056 0.208485 0.224939 0.221883
0.259634 0.259127 0.247936 0.246269 0.229889 0.24282 0.237876 0.241007 0.225713 0.224612 0.240876 0.244826 0.26905 0.221853
0.268108 0.255071 0.256964 0.25604 0.276943 0.276468 0.29019 0.251769 0.238109 0.233098 0.24142 0.249743 0.261679 0.251876
0.270479 0.275568 0.248849 0.272802 0.255369 0.259022 0.236932 0.251918 0.240368 0.234678 0.264616 0.258387 0.254621 0.240649
0.253713 0.260362 0.217044 0.225252 0.230588 0.220379 0.232681 0.210897 0.222366 0.231389 0.235033 0.250473 0.25179 0.217799
0.253978 0.249089 0.275311 0.249342 0.247621 0.235187 0.207158 0.242516 0.225005 0.224738 0.238122 0.245722 0.217558 0.239141
0.30254 0.26401 0.28779 0.279148 0.272893 0.292117 0.276489 0.306726 0.258512 0.253619 0.26232 0.263714 0.270758 0.259349
0.297853 0.31648 0.273221 0.250847 0.232506 0.197203 0.243963 0.210946 0.228383 0.240139 0.22445 0.246935 0.20274 0.216384
0.272229 0.272901 0.250074 0.283597 0.283963 0.272565 0.261455 0.251336 0.259462 0.244404 0.272015 0.270487 0.24752 0.25375
0.267577 0.27952 0.248102 0.265681 0.270063 0.245817 0.235752 0.273306 0.227861 0.238065 0.246475 0.232856 0.272408 0.236793
0.222225 0.234393 0.201858 0.195219 0.165851 0.163895 0.201465 0.179061 0.175715 0.195682 0.179244 0.180262 0.182308 0.16019
0.245649 0.243514 0.243886 0.242626 0.239441 0.26479 0.234811 0.246683 0.232448 0.234497 0.261663 0.241206 0.263501 0.23723
0.241077 0.262747 0.212484 0.211484 0.20348 0.173056 0.234353 0.190046 0.195915 0.210978 0.193635 0.226005 0.190159 0.191931
0.298482 0.304858 0.257619 0.248994 0.249549 0.243138 0.275551 0.258614 0.263631 0.269031 0.286422 0.26961 0.299852 0.279367
0.248274 0.286156 0.225257 0.248183 0.243968 0.229361 0.237968 0.252283 0.249908 0.249255 0.268308 0.271031 0.258005 0.207455
0.255422 0.263294 0.235097 0.221774 0.239692 0.234673 0.261967 0.242273 0.236259 0.244745 0.257228 0.270225 0.264825 0.258335
0.272355 0.251372 0.256348 0.275818 0.259085 0.264867 0.235596 0.270643 0.236722 0.240586 0.256489 0.233718 0.254619 0.243542
0.246636 0.231 0.252557 0.252366 0.269523 0.267529 0.283741 0.255741 0.248083 0.225607 0.251184 0.239019 0.24102 0.225671
0.220576 0.225594 0.19938 0.207772 0.212347 0.216582 0.223573 0.216059 0.208312 0.205713 0.223269 0.214693 0.220451 0.227053
0.203905 0.217758 0.1989 0.19415 0.19657 0.199619 0.200237 0.205061 0.198954 0.210981 0.207819 0.222846 0.229893 0.188155
0.221766 0.210256 0.197323 0.224747 0.220805 0.19955 0.210699 0.20123 0.197631 0.191387 0.20886 0.201186 0.207647 0.185959
0.253727 0.25272 0.23526 0.240559 0.236658 0.231733 0.240188 0.232728 0.224841 0.226086 0.235805 0.235761 0.236405 0.224631
480
Appendix 5.2 Collagen (g/cm3)
Layer 03 Layer 03
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.231548 0.223336 0.200863 0.193442 0.196757 0.209493 0.21215 0.226785 0.187577 0.184101 0.183638 0.171541 0.184445 0.199
0.219906 0.225169 0.2131 0.222844 0.212616 0.214878 0.207488 0.213041 0.182638 0.179009 0.185581 0.189682 0.18158 0.151976
0.231173 0.202468 0.195974 0.222801 0.234185 0.208165 0.216838 0.22514 0.20086 0.184094 0.185207 0.177054 0.180583 0.17704
0.211571 0.176036 0.189483 0.231371 0.227078 0.22776 0.220228 0.211854 0.228879 0.239207 0.202801 0.206778 0.195407 0.194961
0.199618 0.191316 0.187754 0.198059 0.192469 0.186952 0.184534 0.200372 0.167831 0.168207 0.180162 0.173612 0.184847 0.188458
0.210323 0.216595 0.218197 0.231224 0.22012 0.226739 0.217523 0.204199 0.197057 0.172899 0.179501 0.164015 0.1776 0.158954
0.237788 0.249716 0.236663 0.230152 0.215882 0.234031 0.225902 0.220712 0.211876 0.185444 0.214107 0.200032 0.185296 0.181428
0.25379 0.274231 0.253512 0.242747 0.23617 0.271039 0.266804 0.25947 0.231577 0.223401 0.244318 0.20166 0.216907 0.209207
0.231494 0.236451 0.257975 0.255767 0.252891 0.21714 0.237972 0.238211 0.221491 0.21977 0.225387 0.220232 0.217158 0.242303
0.240008 0.208963 0.236192 0.246829 0.257197 0.231198 0.22116 0.242609 0.215436 0.191626 0.21212 0.215088 0.196012 0.183548
0.294656 0.277284 0.237003 0.247555 0.256502 0.218716 0.21947 0.22707 0.257355 0.233002 0.220033 0.222992 0.211474 0.190382
0.314144 0.301205 0.246921 0.273394 0.266109 0.249002 0.262996 0.267868 0.256595 0.23236 0.228831 0.209408 0.249386 0.21084
0.220931 0.214655 0.21627 0.231342 0.238435 0.267409 0.245465 0.24052 0.231651 0.24612 0.218515 0.223812 0.232726 0.233359
0.234716 0.265933 0.265507 0.280558 0.261605 0.232658 0.247752 0.258787 0.208109 0.217024 0.22916 0.225794 0.232563 0.236875
0.27158 0.244096 0.225712 0.237471 0.249658 0.235319 0.220197 0.241567 0.223161 0.234468 0.23945 0.226896 0.208505 0.222587
0.170351 0.154269 0.17852 0.213552 0.200682 0.201211 0.191184 0.209829 0.191904 0.193654 0.176392 0.182683 0.187796 0.201111
0.23864 0.229148 0.231906 0.253621 0.241008 0.218747 0.236428 0.236574 0.232425 0.219246 0.211304 0.205637 0.213278 0.225397
0.20103 0.175993 0.199677 0.228499 0.243945 0.224642 0.217202 0.230875 0.198979 0.196854 0.182148 0.19473 0.20308 0.22628
0.272291 0.246895 0.264294 0.27075 0.277663 0.27409 0.283042 0.275894 0.267293 0.247196 0.253076 0.252163 0.224366 0.212139
0.250226 0.243618 0.236057 0.245687 0.233317 0.249384 0.246308 0.277874 0.209456 0.190414 0.229347 0.210933 0.211037 0.201812
0.254077 0.246578 0.237939 0.250569 0.255035 0.2596 0.26532 0.26622 0.259902 0.244125 0.26616 0.235889 0.23986 0.234613
0.246926 0.271223 0.247723 0.275275 0.259417 0.238247 0.235158 0.253658 0.238398 0.226245 0.241554 0.22767 0.25276 0.255532
0.259672 0.267288 0.236753 0.253583 0.258697 0.24721 0.243669 0.261869 0.249073 0.2479 0.241666 0.218551 0.246639 0.222286
0.236487 0.229818 0.210747 0.213236 0.214517 0.23703 0.254185 0.240457 0.206668 0.205866 0.210452 0.214127 0.186027 0.183918
0.218284 0.207004 0.191013 0.198535 0.197438 0.206389 0.200277 0.213584 0.174347 0.173629 0.186825 0.174899 0.175304 0.155852
0.204597 0.199107 0.184811 0.196377 0.198875 0.184828 0.182461 0.203554 0.162077 0.163424 0.176092 0.189745 0.18022 0.166399
0.236763 0.229938 0.223099 0.236355 0.234549 0.229688 0.229297 0.236484 0.21587 0.208434 0.212455 0.205216 0.206725 0.202548
481
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.175652 0.186855 0.174937 0.166525 0.148984 0.214432
0.147066 0.146886 0.152424 0.148796 0.153038 0.215307
0.176686 0.162812 0.180815 0.166419 0.154908 0.221092
0.189202 0.201318 0.175163 0.174301 0.167372 0.218685
0.180841 0.173722 0.160769 0.152144 0.155445 0.19974
0.156109 0.15667 0.17543 0.165755 0.167236 0.219073
0.180785 0.187643 0.188026 0.174334 0.190256 0.229848
0.187033 0.197727 0.193063 0.197208 0.181942 0.247406
0.228462 0.217456 0.206087 0.201646 0.20906 0.240622
0.186815 0.192666 0.206797 0.183485 0.209107 0.226019
0.190393 0.200136 0.185443 0.178995 0.190399 0.233996
0.195033 0.223352 0.20064 0.19684 0.218965 0.260328
0.225282 0.21081 0.201948 0.220265 0.187852 0.245095
0.222147 0.21566 0.216746 0.206314 0.192923 0.246221
0.218527 0.210953 0.202584 0.192018 0.214735 0.238737
0.202465 0.210614 0.176053 0.176154 0.198797 0.195048
0.221768 0.214542 0.215666 0.1925 0.201569 0.230723
0.209633 0.208645 0.215782 0.187379 0.202777 0.212031
0.230632 0.218771 0.23535 0.22286 0.214885 0.253289
0.198633 0.203748 0.206108 0.19189 0.21178 0.230814
0.240761 0.205471 0.243509 0.243002 0.207205 0.238616
0.235076 0.225451 0.214885 0.225343 0.226299 0.240095
0.221465 0.219105 0.197818 0.209645 0.201497 0.237971
0.168594 0.18671 0.187922 0.175038 0.181296 0.207969
0.16069 0.159477 0.155661 0.144199 0.17078 0.190415
0.158442 0.16225 0.1515 0.138181 0.160581 0.190696
0.22679
0.196469 0.196133 0.19312 0.185817 0.189219
482
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 04 Layer 04
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.20062 0.195987 0.195184 0.191039 0.197993 0.188683 0.179363 0.20027 0.217187 0.246433 0.246119
0.2 0.194312 0.183347 0.192387 0.187764 0.200862 0.193077 0.18903 0.204579 0.195217 0.208665 0.204562 0.215016
0.4 0.182966 0.185873 0.193337 0.189769 0.205352 0.200881 0.199213 0.203481 0.212495 0.201215 0.202636 0.249035 0.232169
0.6 0.195948 0.206476 0.19703 0.217198 0.20958 0.204798 0.20011 0.212563 0.196113 0.180088 0.188451 0.193499 0.200714
0.8 0.170899 0.177861 0.185193 0.187843 0.188452 0.189277 0.178965 0.190521 0.194404 0.202233 0.195793 0.200897 0.208399
d5 0.187291 0.196516 0.191057 0.185497 0.201016 0.201452 0.202408 0.197401 0.199369 0.225238 0.219363 0.219216 0.222573
1.2 0.195941 0.20401 0.198335 0.201303 0.178279 0.177371 0.217606 0.190468 0.192995 0.222292 0.2027 0.224746 0.229087
1.4 0.196215 0.207989 0.208786 0.190015 0.200758 0.209999 0.226635 0.20867 0.211029 0.257347 0.260997 0.271431 0.27922
1.6 0.19277 0.223055 0.213684 0.218957 0.225932 0.205744 0.223577 0.203263 0.226107 0.208319 0.214935 0.240069 0.223463
1.8 0.20277 0.214853 0.219317 0.22902 0.201428 0.208457 0.188225 0.207016 0.230286 0.207964 0.198074 0.198626 0.212631
d1 0.226362 0.263009 0.208228 0.183968 0.205042 0.200977 0.255481 0.206744 0.206002 0.231445 0.222771 0.233341 0.224589
2.2 0.254753 0.237777 0.216415 0.190767 0.218825 0.220397 0.258653 0.239516 0.22893 0.242481 0.239183 0.266908 0.248234
2.4 0.203065 0.233955 0.215136 0.248399 0.245829 0.217956 0.208438 0.230445 0.226559 0.24228 0.225813 0.223134 0.231892
2.6 0.193497 0.216545 0.204349 0.207314 0.212306 0.203606 0.212405 0.197823 0.220396 0.180322 0.194607 0.215958 0.214947
2.8 0.173149 0.200082 0.184376 0.186336 0.210494 0.205396 0.190862 0.212339 0.231268 0.200227 0.209814 0.226402 0.219355
d2 0.179471 0.186752 0.177231 0.185076 0.1895 0.168702 0.183721 0.200974 0.201124 0.170032 0.17999 0.176192 0.185685
3.2 0.174267 0.197041 0.186516 0.183496 0.196998 0.196908 0.204841 0.202303 0.195043 0.211841 0.221529 0.238078 0.219898
3.4 0.173121 0.190053 0.187003 0.195153 0.18402 0.177209 0.185266 0.196016 0.21078 0.197243 0.199219 0.214415 0.219777
3.6 0.18181 0.194517 0.187169 0.211426 0.207603 0.210521 0.205702 0.200563 0.201725 0.209528 0.20912 0.210452 0.2137
3.8 0.167971 0.19119 0.196105 0.179059 0.181198 0.170715 0.183426 0.189025 0.199385 0.196435 0.194464 0.216466 0.217816
d3 0.175858 0.193724 0.183352 0.187269 0.178442 0.202336 0.191913 0.1886 0.196615 0.21439 0.197076 0.227087 0.223557
4.2 0.175045 0.17027 0.176682 0.204271 0.185655 0.196057 0.201372 0.209013 0.195906 0.203607 0.237878 0.213776
4.4 0.143789 0.160156 0.156863 0.190112 0.174372 0.190321 0.211713 0.220252 0.21825 0.220747
4.6 0.158092 0.163022 0.152986 0.164365 0.175556 0.181627 0.203669 0.18873
4.8 0.152227 0.141406 0.15462 0.167597 0.160834
s8d4 0.140058 0.154225 0.150714
Average 0.190954 0.204316 0.195766 0.195074 0.199497 0.194384 0.202404 0.199341 0.20322 0.20484 0.203944 0.218406 0.216294
483
Appendix 5.2 Collagen (g/cm3)
Layer 04 Layer 04
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.218184 0.216225 0.228384 0.229765 0.214169 0.20751 0.183288 0.178101 0.183538 0.182496 0.198454 0.200586 0.197183 0.193563
0.221364 0.228733 0.252951 0.234031 0.248989 0.213449 0.223521 0.232486 0.230742 0.227197 0.217668 0.225039 0.223421 0.222253
0.207219 0.216536 0.237456 0.223829 0.255587 0.253351 0.219562 0.216719 0.232285 0.240302 0.247353 0.220555 0.246014 0.233274
0.198531 0.206511 0.207496 0.207752 0.212309 0.208964 0.240477 0.236289 0.256476 0.227208 0.252102 0.238737 0.221563 0.227824
0.211935 0.219596 0.209254 0.21107 0.197255 0.211662 0.212732 0.19039 0.183665 0.179573 0.192331 0.196469 0.217043 0.216453
0.225154 0.227531 0.228091 0.221175 0.230657 0.228794 0.230077 0.228444 0.224665 0.218878 0.215151 0.230813 0.224926 0.227758
0.23115 0.234974 0.232949 0.232544 0.235404 0.237257 0.229419 0.255059 0.25227 0.24912 0.247067 0.248589 0.242475 0.241168
0.281186 0.277076 0.273542 0.268107 0.245045 0.239957 0.236895 0.23949 0.229525 0.227162 0.237578 0.240171 0.240885 0.251488
0.215334 0.236359 0.245062 0.258989 0.263813 0.270491 0.23166 0.20226 0.205629 0.235657 0.254299 0.256391 0.25153 0.249412
0.22469 0.228757 0.233145 0.236944 0.230926 0.245506 0.248342 0.243729 0.232982 0.236905 0.239428 0.238307 0.257734 0.243921
0.22439 0.233314 0.247507 0.228457 0.24422 0.237138 0.232988 0.232123 0.254326 0.262128 0.26578 0.224654 0.263502 0.244901
0.251375 0.238946 0.243161 0.236158 0.243786 0.254523 0.272582 0.265262 0.276811 0.262637 0.245795 0.244347 0.27097 0.283239
0.244698 0.245035 0.232547 0.237475 0.214032 0.222006 0.268531 0.235474 0.288343 0.258885 0.271245 0.270467 0.27299 0.252067
0.200327 0.229086 0.251076 0.235307 0.253088 0.232208 0.237529 0.215852 0.20191 0.224496 0.225984 0.235024 0.254048 0.247082
0.232529 0.231532 0.230935 0.24128 0.249289 0.246637 0.22776 0.229065 0.226971 0.227096 0.237942 0.233926 0.252769 0.240199
0.18596 0.191285 0.17884 0.180584 0.171658 0.172818 0.202326 0.190603 0.235219 0.21305 0.221271 0.214662 0.203797 0.21513
0.21452 0.218345 0.240196 0.232879 0.237886 0.236031 0.218702 0.208216 0.230095 0.238054 0.236792 0.239242 0.237978 0.234488
0.191103 0.209552 0.218456 0.212894 0.213612 0.221397 0.211041 0.204364 0.261098 0.230484 0.263251 0.246628 0.23857 0.228776
0.205683 0.233521 0.239896 0.258504 0.255338 0.258688 0.263804 0.258229 0.241781 0.246272 0.260539 0.270411 0.262863 0.275425
0.216249 0.238327 0.228164 0.214746 0.207714 0.214496 0.230881 0.227474 0.222973 0.233182 0.24852 0.221462 0.263203 0.253714
0.206815 0.219022 0.240071 0.236056 0.232296 0.235591 0.207337 0.213608 0.229737 0.22811 0.239147 0.2286 0.236547 0.235124
0.215171 0.217024 0.222958 0.2169 0.232506 0.224122 0.22252 0.207085 0.230225 0.245779 0.224115 0.228964 0.2417 0.245505
0.229734 0.232826 0.232663 0.216733 0.214482 0.214616 0.212644 0.214856 0.221006 0.206382 0.207409 0.203376 0.223697 0.228681
0.179571 0.193182 0.197771 0.209677 0.191629 0.192066 0.201039 0.191145 0.185169 0.191047 0.201843 0.200994 0.209786 0.216455
0.174741 0.166789 0.173406 0.172941 0.180479 0.180358 0.186171 0.188453 0.189939 0.190739 0.193711 0.178451 0.199761 0.1842
0.163294 0.171676 0.180081 0.181188 0.189037 0.195442 0.200604 0.191443 0.170505 0.189918 0.185692 0.183998 0.205662 0.199116
0.214266 0.221606 0.227156 0.224461 0.225585 0.225195 0.225094 0.219085 0.226842 0.225875 0.231941 0.227726 0.236947 0.234278
484
Appendix 5.2 Collagen (g/cm3)
Layer 04 Layer 04
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.215113 0.192915 0.176055 0.195799 0.197365 0.193823 0.212277 0.18774 0.176029 0.186377 0.188761 0.19616 0.182309 0.193932
0.216783 0.201064 0.213261 0.236127 0.222077 0.21104 0.226651 0.201611 0.201684 0.192832 0.197861 0.19958 0.202886 0.20433
0.258277 0.22506 0.22201 0.214715 0.227922 0.219934 0.225596 0.213705 0.207812 0.218066 0.23042 0.229674 0.227588 0.233033
0.240361 0.245659 0.21277 0.204605 0.180864 0.160816 0.216777 0.185331 0.183991 0.202305 0.179932 0.188553 0.189111 0.194321
0.213528 0.220578 0.18875 0.215159 0.212566 0.19339 0.204766 0.197755 0.194165 0.183933 0.196692 0.194403 0.185718 0.170858
0.221073 0.207056 0.218039 0.223505 0.220976 0.226663 0.21 0.212193 0.215141 0.201889 0.209283 0.195932 0.208367 0.206719
0.249777 0.236629 0.236921 0.236445 0.221676 0.231554 0.224213 0.223885 0.2126 0.211764 0.23195 0.226436 0.250067 0.215067
0.25793 0.232925 0.245547 0.245826 0.267049 0.26364 0.273522 0.233883 0.224276 0.219764 0.232474 0.230983 0.243217 0.244172
0.256377 0.259988 0.234203 0.250348 0.247734 0.235944 0.219384 0.23884 0.226945 0.221788 0.2444 0.243743 0.245653 0.227711
0.253585 0.249278 0.215249 0.222681 0.229104 0.218941 0.22808 0.210756 0.221607 0.227401 0.232525 0.246276 0.250589 0.210326
0.25385 0.238484 0.273035 0.246497 0.246028 0.233653 0.203063 0.242353 0.224237 0.220865 0.235581 0.241604 0.21652 0.230936
0.280473 0.247778 0.26989 0.265542 0.255413 0.266887 0.251793 0.284044 0.240575 0.234894 0.240124 0.242624 0.249685 0.240906
0.272134 0.287831 0.251388 0.230275 0.21238 0.182328 0.224313 0.196744 0.210598 0.223132 0.20872 0.232066 0.187803 0.201596
0.24626 0.235778 0.221593 0.253067 0.252795 0.237333 0.226909 0.219564 0.226999 0.220627 0.239551 0.239818 0.216279 0.223031
0.244472 0.254217 0.228277 0.243892 0.246686 0.227275 0.216763 0.254906 0.210117 0.221204 0.229202 0.218835 0.252338 0.22061
0.210639 0.221141 0.189978 0.179151 0.160892 0.149293 0.186544 0.169765 0.165902 0.184933 0.165551 0.170046 0.175887 0.151578
0.232841 0.229747 0.229533 0.222656 0.232281 0.241198 0.217421 0.233877 0.219466 0.221616 0.241673 0.227536 0.25422 0.224476
0.240956 0.251561 0.210726 0.20907 0.20217 0.171927 0.22972 0.189919 0.195246 0.207342 0.191568 0.222217 0.189252 0.185346
0.276711 0.286113 0.241595 0.236858 0.233564 0.222139 0.250938 0.23949 0.245339 0.249168 0.262187 0.248048 0.276515 0.259501
0.238848 0.261311 0.215249 0.238282 0.235252 0.218719 0.2243 0.23436 0.235389 0.234997 0.258366 0.250672 0.239802 0.20111
0.245725 0.240434 0.224652 0.212927 0.231129 0.223784 0.24692 0.225061 0.222534 0.230745 0.247696 0.249927 0.24614 0.250434
0.248838 0.228617 0.235863 0.253198 0.236658 0.244888 0.21662 0.252422 0.218288 0.223547 0.238513 0.219645 0.23586 0.226898
0.223109 0.199576 0.223793 0.225198 0.23994 0.232948 0.246249 0.223412 0.217044 0.203658 0.221206 0.211918 0.210598 0.198351
0.204487 0.211723 0.186978 0.197646 0.198745 0.197876 0.203603 0.200082 0.193858 0.190525 0.204378 0.197523 0.203294 0.210907
0.196163 0.198852 0.190063 0.186406 0.189547 0.190357 0.188736 0.190493 0.187396 0.198913 0.200119 0.206107 0.213673 0.1824
0.205591 0.197328 0.18505 0.213793 0.206661 0.182315 0.191879 0.18635 0.183918 0.177256 0.191187 0.185096 0.191486 0.172735
0.238611 0.23314 0.220787 0.225372 0.223364 0.214564 0.221809 0.217252 0.210044 0.211905 0.219997 0.219824 0.220956 0.210819
485
Appendix 5.2 Collagen (g/cm3)
Layer 04 Layer 04
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.205414 0.197636 0.180643 0.168413 0.174222 0.180979 0.186488 0.196194 0.164534 0.162619 0.16414 0.152862 0.162685 0.173377
0.202996 0.212141 0.20221 0.212291 0.201843 0.195771 0.195087 0.199178 0.167949 0.164311 0.170187 0.174908 0.167591 0.141966
0.21993 0.201351 0.190682 0.21304 0.226191 0.205382 0.205482 0.214921 0.191329 0.172835 0.178249 0.167217 0.173539 0.165852
0.195666 0.163466 0.178406 0.217732 0.209593 0.211766 0.207113 0.196493 0.2111 0.220221 0.186704 0.190191 0.183951 0.183704
0.18991 0.19026 0.182684 0.189381 0.185899 0.184452 0.17487 0.191277 0.159867 0.15792 0.173394 0.163965 0.177636 0.17655
0.194511 0.201129 0.205442 0.217593 0.203171 0.210816 0.204569 0.189393 0.18175 0.159175 0.165254 0.150858 0.167188 0.149776
0.228687 0.234708 0.218333 0.216952 0.208013 0.216196 0.208583 0.202979 0.201079 0.176132 0.195864 0.193413 0.172476 0.174321
0.244077 0.25775 0.233876 0.228824 0.227561 0.250384 0.246349 0.238623 0.219777 0.212183 0.223502 0.194986 0.201899 0.201012
0.220236 0.235146 0.251009 0.244561 0.244259 0.214237 0.225509 0.227398 0.210981 0.20633 0.216921 0.207995 0.208688 0.226991
0.233351 0.208039 0.227015 0.230994 0.238682 0.226608 0.217646 0.236928 0.199318 0.191423 0.211204 0.202457 0.192216 0.180078
0.286483 0.276058 0.227795 0.231674 0.238038 0.214373 0.215983 0.221753 0.238101 0.232756 0.219083 0.209897 0.207379 0.186784
0.289988 0.283778 0.234303 0.260446 0.252626 0.22686 0.247278 0.250438 0.235958 0.213281 0.209849 0.193097 0.230172 0.196952
0.204322 0.199328 0.203627 0.217704 0.220076 0.24863 0.230847 0.22308 0.213657 0.226585 0.201171 0.205859 0.219082 0.219885
0.208224 0.235331 0.23878 0.244257 0.231643 0.20099 0.217783 0.22388 0.182543 0.1917 0.204828 0.201208 0.205126 0.206375
0.251163 0.226666 0.212518 0.223472 0.230435 0.218793 0.207084 0.224052 0.205827 0.215858 0.220445 0.208695 0.196282 0.209735
0.162066 0.153417 0.173699 0.204196 0.193832 0.198521 0.181171 0.200305 0.182798 0.181811 0.169766 0.172533 0.18047 0.188403
0.227034 0.227884 0.225643 0.242509 0.232781 0.215822 0.224046 0.225836 0.221396 0.205838 0.203367 0.194211 0.204959 0.211154
0.195454 0.175215 0.191919 0.21384 0.226385 0.220182 0.21375 0.225468 0.184092 0.196646 0.181362 0.183295 0.199148 0.222002
0.251353 0.23261 0.250789 0.257927 0.263594 0.249717 0.266125 0.257942 0.245796 0.226899 0.232084 0.232522 0.207081 0.198165
0.240649 0.228977 0.217774 0.231597 0.224812 0.230379 0.227424 0.255549 0.198783 0.180852 0.209806 0.203953 0.196435 0.193906
0.244352 0.231759 0.219509 0.236198 0.245739 0.239817 0.244978 0.244831 0.246659 0.231866 0.243483 0.228083 0.223264 0.225422
0.228363 0.251856 0.233242 0.259047 0.239442 0.221516 0.221154 0.235266 0.21988 0.208287 0.222381 0.209407 0.237942 0.240778
0.230364 0.236531 0.21292 0.220772 0.229069 0.213562 0.214194 0.226545 0.218475 0.218973 0.216006 0.194754 0.217541 0.193665
0.218302 0.216521 0.199977 0.203138 0.203648 0.215953 0.238993 0.22481 0.190046 0.188963 0.192995 0.197448 0.171695 0.171803
0.209929 0.194563 0.176219 0.187149 0.190241 0.190661 0.184922 0.196424 0.165463 0.16491 0.170907 0.169111 0.163175 0.149747
0.188865 0.187587 0.175367 0.187077 0.188798 0.168393 0.171556 0.190309 0.149042 0.150005 0.161486 0.174966 0.166335 0.155438
0.221988 0.217681 0.210169 0.221569 0.220407 0.21426 0.214576 0.219995 0.200238 0.194553 0.197863 0.191457 0.193614 0.190148
486
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.151057 0.163577 0.154798 0.154829 0.138392 0.189963
0.13854 0.138761 0.144948 0.14123 0.142422 0.200217
0.165922 0.150707 0.168525 0.159361 0.14323 0.2096
0.180483 0.191858 0.167889 0.160614 0.154043 0.202353
0.169824 0.160806 0.149841 0.145691 0.143727 0.18934
0.148914 0.149308 0.168146 0.152739 0.153918 0.202683
0.170919 0.183313 0.181243 0.166169 0.179561 0.215708
0.176826 0.193165 0.186098 0.187972 0.171714 0.23215
0.214545 0.201288 0.19208 0.193094 0.1933 0.228073
0.182829 0.188654 0.191507 0.18182 0.19406 0.220187
0.18633 0.195968 0.171731 0.177371 0.176698 0.228072
0.183726 0.210997 0.190799 0.186831 0.203775 0.24207
0.2149 0.200903 0.193562 0.202969 0.172893 0.226785
0.191041 0.188794 0.191793 0.191824 0.179206 0.218534
0.208456 0.20104 0.194172 0.176939 0.197634 0.220935
0.190131 0.194955 0.164087 0.168684 0.18381 0.184793
0.208258 0.198591 0.201007 0.184336 0.186373 0.218696
0.20516 0.2043 0.199827 0.185678 0.188185 0.206491
0.217261 0.20667 0.223807 0.211529 0.199978 0.23558
0.187793 0.199046 0.198672 0.182903 0.199875 0.21667
0.227622 0.200729 0.234723 0.231621 0.195558 0.224043
0.224242 0.214856 0.205962 0.207648 0.208277 0.222263
0.190454 0.19181 0.175045 0.194921 0.187171 0.210622
0.158819 0.176382 0.178705 0.166138 0.16872 0.193347
0.15192 0.155797 0.150045 0.137445 0.16118 0.179343
0.149256 0.153275 0.144069 0.131155 0.149442 0.177314
0.211857
0.184432 0.185214 0.181657 0.176212 0.17589
487
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 05 Layer 05
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.188647 0.180769 0.18062 0.180553 0.184137 0.174502 0.169884 0.184569 0.199195 0.227138 0.228459
0.2 0.178099 0.167601 0.176746 0.171223 0.182619 0.180393 0.173929 0.192592 0.178898 0.191278 0.186787 0.197347
0.4 0.173975 0.177079 0.178935 0.174109 0.189448 0.193974 0.190117 0.196772 0.195338 0.195176 0.198605 0.227071 0.226766
0.6 0.18197 0.1928 0.184645 0.201175 0.196082 0.188942 0.183967 0.195212 0.193118 0.179412 0.182387 0.192009 0.195445
0.8 0.17003 0.16737 0.17474 0.173777 0.186636 0.17953 0.175682 0.185398 0.186068 0.188122 0.191033 0.194766 0.202597
d5 0.173708 0.180119 0.174648 0.170417 0.183307 0.183155 0.18911 0.181631 0.187687 0.20641 0.201085 0.200168 0.204283
1.2 0.18173 0.186988 0.181301 0.184938 0.162573 0.161262 0.20331 0.175252 0.181686 0.20371 0.18581 0.205217 0.210262
1.4 0.183315 0.195675 0.196325 0.175261 0.185778 0.198472 0.210775 0.192987 0.199876 0.237171 0.239376 0.250179 0.259184
1.6 0.183296 0.212502 0.197766 0.200889 0.208433 0.19867 0.213369 0.196562 0.207851 0.202067 0.210659 0.218895 0.218262
1.8 0.20174 0.202179 0.206937 0.211871 0.199487 0.197722 0.184772 0.20145 0.220411 0.193453 0.193258 0.192565 0.20671
d1 0.224076 0.233874 0.192944 0.179183 0.200141 0.195717 0.248555 0.201991 0.199944 0.225754 0.205764 0.21308 0.218618
2.2 0.23658 0.222027 0.202812 0.176694 0.204732 0.203333 0.237787 0.219964 0.225434 0.241572 0.231486 0.264852 0.241717
2.4 0.202033 0.220154 0.202992 0.229799 0.24346 0.206731 0.204615 0.224249 0.216844 0.225374 0.220323 0.216324 0.225435
2.6 0.183988 0.2063 0.189127 0.190207 0.195863 0.196606 0.202707 0.191301 0.202601 0.17491 0.190735 0.196912 0.209944
2.8 0.1714 0.177918 0.170843 0.18149 0.205463 0.20002 0.185687 0.207458 0.224467 0.195303 0.193796 0.206743 0.213524
d2 0.166669 0.174382 0.166091 0.171423 0.177296 0.155641 0.1689 0.184568 0.198053 0.169394 0.174198 0.174835 0.18081
3.2 0.162811 0.185376 0.175385 0.169248 0.182298 0.1861 0.190506 0.187098 0.184736 0.195232 0.203177 0.219438 0.204119
3.4 0.172241 0.178842 0.176447 0.18054 0.182247 0.168083 0.181867 0.190746 0.201741 0.18348 0.194375 0.207872 0.213657
3.6 0.168841 0.181633 0.175404 0.195829 0.194232 0.194221 0.189108 0.184191 0.198644 0.208742 0.202391 0.208832 0.208089
3.8 0.166275 0.170011 0.181711 0.174402 0.176867 0.166248 0.178452 0.18468 0.193522 0.191604 0.179618 0.19767 0.212025
d3 0.174964 0.182296 0.173002 0.173246 0.176722 0.191916 0.188393 0.183529 0.188184 0.19943 0.192285 0.220157 0.217333
4.2 0.166764 0.157587 0.162102 0.18845 0.179272 0.187105 0.194732 0.192137 0.190026 0.199557 0.216898 0.2088
4.4 0.132624 0.148206 0.148252 0.176809 0.161266 0.180263 0.195115 0.202006 0.201162 0.204908
4.6 0.153954 0.158602 0.14947 0.159531 0.171238 0.167761 0.185984 0.183712
4.8 0.14775 0.137929 0.142816 0.153044 0.156558
s8d4 0.137272 0.140623 0.147206
Average 0.183139 0.190114 0.18254 0.181163 0.188677 0.183791 0.19228 0.189122 0.193934 0.194964 0.193471 0.204585 0.20753
488
Appendix 5.2 Collagen (g/cm3)
Layer 05 Layer 05
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.198527 0.195515 0.207969 0.211065 0.198472 0.189603 0.167998 0.164037 0.17003 0.16927 0.18106 0.18464 0.180982 0.177894
0.201451 0.210977 0.233246 0.216588 0.231447 0.201987 0.209365 0.21337 0.215048 0.214381 0.204896 0.207278 0.21124 0.206436
0.200928 0.207425 0.226671 0.215562 0.233642 0.231768 0.207421 0.210256 0.226933 0.220567 0.225962 0.215242 0.230664 0.2184
0.196477 0.200116 0.202292 0.199153 0.199903 0.192914 0.222359 0.219128 0.240626 0.210899 0.230593 0.217797 0.20542 0.210219
0.205592 0.212008 0.200218 0.202788 0.192758 0.196077 0.203183 0.186736 0.175228 0.17419 0.18165 0.184801 0.202227 0.203103
0.2049 0.209868 0.210323 0.20469 0.214407 0.216507 0.215506 0.209661 0.209384 0.206531 0.202526 0.212596 0.212663 0.211549
0.210356 0.216733 0.214802 0.215212 0.218819 0.224516 0.21489 0.234088 0.235112 0.235067 0.232569 0.228969 0.229255 0.224005
0.255852 0.250538 0.249091 0.246287 0.227085 0.219249 0.217133 0.220579 0.212632 0.210699 0.216755 0.221079 0.221093 0.23113
0.208798 0.226414 0.233931 0.249423 0.241162 0.247448 0.21885 0.196228 0.200892 0.216302 0.232307 0.250214 0.235835 0.23351
0.217964 0.220852 0.223077 0.227647 0.22566 0.227429 0.237195 0.239051 0.22228 0.229804 0.226131 0.224155 0.240141 0.228878
0.218843 0.22774 0.241471 0.222801 0.237503 0.231048 0.226745 0.226425 0.247976 0.247426 0.248355 0.221179 0.246565 0.232191
0.248774 0.231546 0.237062 0.226384 0.22954 0.234974 0.252045 0.245997 0.259703 0.243785 0.224824 0.222914 0.251229 0.261353
0.237374 0.236568 0.222505 0.228158 0.209152 0.205659 0.256478 0.230954 0.275097 0.251125 0.256182 0.254405 0.254355 0.236521
0.194246 0.219447 0.239672 0.226616 0.231358 0.212426 0.224395 0.209414 0.197259 0.206059 0.206441 0.229362 0.238197 0.231329
0.226781 0.226001 0.225303 0.235307 0.242432 0.240303 0.221657 0.223441 0.221304 0.214359 0.222342 0.230308 0.236522 0.227732
0.184036 0.185362 0.174354 0.17311 0.161627 0.159544 0.187082 0.17676 0.220682 0.197757 0.202392 0.195834 0.188949 0.198507
0.195193 0.197433 0.218725 0.213926 0.220451 0.215662 0.200458 0.191775 0.213159 0.220801 0.216037 0.220223 0.218425 0.215506
0.185383 0.202311 0.209023 0.204541 0.208742 0.205096 0.201568 0.200442 0.249104 0.223575 0.248632 0.231981 0.222285 0.214667
0.203555 0.226289 0.233878 0.247805 0.240417 0.238818 0.243928 0.239475 0.226839 0.228594 0.23831 0.246693 0.243712 0.254143
0.210904 0.232633 0.222599 0.20943 0.202 0.208987 0.224694 0.221889 0.217405 0.220103 0.232227 0.218036 0.246285 0.240546
0.200625 0.211454 0.229704 0.226794 0.227 0.218245 0.19803 0.209508 0.219184 0.221272 0.225866 0.215023 0.2204 0.220623
0.208639 0.207893 0.212831 0.208889 0.212543 0.205029 0.210216 0.200909 0.224921 0.225593 0.204733 0.223449 0.226619 0.229851
0.209036 0.210526 0.211865 0.199094 0.198762 0.196096 0.194905 0.197891 0.20474 0.191424 0.18923 0.187208 0.205317 0.210169
0.175132 0.188567 0.192948 0.204485 0.186359 0.187133 0.195652 0.186453 0.180546 0.180331 0.18861 0.197886 0.196301 0.205221
0.170422 0.162804 0.169177 0.16866 0.175514 0.175726 0.181182 0.183827 0.185197 0.180041 0.181012 0.175691 0.186922 0.17464
0.158337 0.164452 0.171901 0.174496 0.172807 0.178792 0.189511 0.185733 0.166577 0.17432 0.169633 0.179566 0.19283 0.18642
0.204928 0.210826 0.215948 0.213804 0.21306 0.21004 0.212402 0.208616 0.216071 0.212088 0.214972 0.215251 0.22094 0.218636
489
Appendix 5.2 Collagen (g/cm3)
Layer 05 Layer 05
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.195726 0.177252 0.162392 0.184161 0.185189 0.181462 0.19774 0.175971 0.165872 0.174814 0.175523 0.183726 0.168671 0.181097
0.20059 0.188669 0.198115 0.218444 0.208303 0.200368 0.210729 0.187286 0.189693 0.184315 0.188134 0.186464 0.194253 0.188066
0.235938 0.21917 0.208332 0.202955 0.213827 0.209796 0.216357 0.205405 0.201324 0.208626 0.219611 0.219033 0.218813 0.217979
0.21942 0.226223 0.197194 0.195619 0.176329 0.15817 0.204394 0.172196 0.174029 0.187737 0.171307 0.176988 0.173556 0.184166
0.20169 0.207536 0.184702 0.207173 0.203773 0.187403 0.198873 0.193278 0.18729 0.17567 0.191993 0.183757 0.183935 0.167486
0.20456 0.194292 0.202554 0.206767 0.207271 0.215201 0.195248 0.197116 0.20235 0.192972 0.198995 0.183055 0.1995 0.190265
0.23112 0.222041 0.220095 0.218738 0.207927 0.219844 0.208462 0.207978 0.19996 0.202411 0.220547 0.211554 0.239427 0.197948
0.234683 0.214014 0.226492 0.231215 0.250573 0.246828 0.254791 0.219221 0.211334 0.20613 0.216171 0.216342 0.225022 0.228012
0.234203 0.253184 0.219773 0.236636 0.232414 0.225068 0.2104 0.229564 0.219858 0.212186 0.232937 0.232451 0.236182 0.213
0.239527 0.234539 0.210633 0.214416 0.219627 0.212164 0.221517 0.205984 0.21376 0.217186 0.22697 0.23279 0.248183 0.206175
0.246082 0.223299 0.259872 0.240242 0.23486 0.223607 0.198253 0.225531 0.215189 0.211334 0.223519 0.232903 0.214704 0.221293
0.256037 0.228174 0.250132 0.253879 0.249009 0.262496 0.237409 0.263913 0.227549 0.21798 0.228613 0.227741 0.229147 0.228316
0.257048 0.270813 0.245997 0.221727 0.203594 0.176684 0.217858 0.192289 0.203141 0.213108 0.203734 0.219357 0.186 0.197618
0.224961 0.229608 0.20794 0.239207 0.237162 0.226393 0.217616 0.211037 0.219911 0.211075 0.228315 0.228707 0.20794 0.208622
0.236991 0.23803 0.217272 0.237703 0.235488 0.217504 0.211629 0.237213 0.201639 0.211659 0.217467 0.210954 0.250222 0.211398
0.192287 0.203644 0.17607 0.171282 0.156858 0.146836 0.175888 0.157733 0.156919 0.171617 0.157614 0.159615 0.161419 0.143656
0.211856 0.211094 0.21172 0.209422 0.21795 0.225817 0.202532 0.219216 0.206802 0.207867 0.224725 0.213114 0.235202 0.20962
0.227598 0.236688 0.206207 0.20131 0.193807 0.166605 0.223109 0.185619 0.188333 0.198028 0.186992 0.210048 0.187435 0.181688
0.252603 0.263477 0.223908 0.226455 0.227708 0.218484 0.236603 0.222516 0.232055 0.231226 0.249618 0.232833 0.25377 0.245939
0.231539 0.244672 0.204871 0.232236 0.224573 0.209315 0.218986 0.218093 0.225892 0.224857 0.245138 0.241645 0.237791 0.192712
0.232102 0.226218 0.219834 0.205023 0.221567 0.216857 0.239814 0.219966 0.214654 0.22038 0.241779 0.23624 0.243777 0.245491
0.227315 0.222634 0.221331 0.239331 0.222023 0.2336 0.207749 0.242619 0.211472 0.213869 0.227326 0.209469 0.226766 0.212239
0.203001 0.183373 0.206426 0.211813 0.225137 0.218093 0.229386 0.209407 0.204519 0.191023 0.205693 0.198486 0.194844 0.185224
0.198229 0.198242 0.177964 0.19263 0.189724 0.189368 0.198781 0.186194 0.186036 0.182303 0.193914 0.190409 0.201589 0.2021
0.190161 0.18619 0.1809 0.181675 0.180943 0.182173 0.184265 0.177271 0.179835 0.19033 0.189873 0.198684 0.211882 0.174783
0.187809 0.192165 0.173648 0.202083 0.193881 0.173911 0.184021 0.179113 0.178175 0.169582 0.18222 0.176521 0.184103 0.161576
0.222041 0.219048 0.208245 0.214698 0.212289 0.20554 0.211631 0.205451 0.200676 0.201088 0.209566 0.208188 0.212082 0.199864
490
Appendix 5.2 Collagen (g/cm3)
Layer 05 Layer 05
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.19143 0.181468 0.16759 0.159092 0.160564 0.171194 0.170596 0.179654 0.154028 0.149702 0.151857 0.144655 0.155247 0.159257
0.18891 0.197154 0.188615 0.198243 0.193048 0.183675 0.184985 0.191574 0.157071 0.159624 0.164695 0.167805 0.160631 0.135811
0.210023 0.187633 0.178784 0.196308 0.20958 0.201142 0.201314 0.203562 0.183686 0.162815 0.16589 0.154192 0.159875 0.152513
0.182061 0.15811 0.169723 0.20335 0.200393 0.204504 0.196546 0.184988 0.196413 0.207147 0.175093 0.180994 0.178786 0.18253
0.184482 0.185124 0.173359 0.181739 0.181075 0.176519 0.169977 0.19057 0.157458 0.148434 0.162655 0.160724 0.167493 0.165286
0.181014 0.18692 0.19163 0.203195 0.194318 0.197791 0.193975 0.182162 0.169978 0.154635 0.15992 0.144732 0.160245 0.143283
0.212817 0.218127 0.203654 0.202596 0.19895 0.202838 0.197782 0.19523 0.188055 0.171108 0.189543 0.185559 0.165313 0.166764
0.22746 0.236664 0.216976 0.216161 0.209721 0.236846 0.225355 0.218507 0.205744 0.195329 0.206778 0.184517 0.192667 0.18464
0.210316 0.219126 0.235346 0.225353 0.226321 0.209814 0.220935 0.21538 0.202553 0.194367 0.20188 0.191794 0.192256 0.208735
0.226682 0.202422 0.215427 0.221673 0.232488 0.216861 0.211556 0.236052 0.196314 0.179925 0.198122 0.198455 0.18124 0.16859
0.26413 0.254037 0.222731 0.219216 0.228135 0.205005 0.199853 0.208342 0.237042 0.221707 0.206048 0.195986 0.202142 0.18174
0.269825 0.274481 0.222899 0.243243 0.241537 0.219081 0.234662 0.235775 0.219541 0.200619 0.196799 0.183759 0.223708 0.195694
0.198483 0.193946 0.193234 0.208919 0.214365 0.237936 0.224388 0.222255 0.210437 0.212975 0.188711 0.20179 0.206572 0.205857
0.198846 0.219299 0.22388 0.225073 0.214632 0.196841 0.213365 0.212047 0.175251 0.180586 0.190626 0.185536 0.188975 0.189777
0.231565 0.208585 0.207794 0.211456 0.220849 0.209233 0.191619 0.210501 0.204912 0.205611 0.207329 0.194864 0.191326 0.204072
0.150797 0.148391 0.165245 0.190708 0.185324 0.191714 0.171928 0.188577 0.170079 0.171018 0.159208 0.16419 0.175402 0.187199
0.211578 0.209241 0.209338 0.229088 0.214532 0.204154 0.204953 0.206797 0.207259 0.189488 0.188149 0.183783 0.195587 0.193957
0.189868 0.170484 0.182123 0.205211 0.22051 0.210712 0.207769 0.224634 0.181317 0.184834 0.170129 0.179671 0.187776 0.207839
0.233876 0.224989 0.238582 0.240891 0.252025 0.241155 0.252548 0.242839 0.228694 0.213429 0.21765 0.221278 0.201265 0.196899
0.221871 0.210712 0.212933 0.219143 0.21546 0.220312 0.21044 0.240093 0.197899 0.172267 0.197323 0.190436 0.191475 0.188671
0.237369 0.225502 0.208305 0.226667 0.239362 0.229502 0.238123 0.243926 0.242942 0.217938 0.228401 0.223575 0.210515 0.211041
0.218077 0.234698 0.218689 0.238702 0.221858 0.216943 0.216668 0.222832 0.211096 0.196212 0.206962 0.193096 0.219207 0.221413
0.214681 0.21718 0.197534 0.208554 0.211111 0.202015 0.195941 0.207447 0.204525 0.201579 0.199843 0.184297 0.207594 0.177892
0.201268 0.199249 0.195533 0.192215 0.195176 0.206516 0.221145 0.211214 0.189202 0.179993 0.181513 0.184363 0.16736 0.167164
0.193549 0.179043 0.172302 0.177085 0.182327 0.18233 0.171112 0.184544 0.164727 0.157081 0.160739 0.157904 0.159054 0.145703
0.180358 0.174807 0.164424 0.172384 0.174933 0.164917 0.168076 0.180251 0.143088 0.141309 0.150289 0.161338 0.153238 0.142937
0.208898 0.204515 0.199102 0.208318 0.209177 0.205367 0.203677 0.209221 0.192281 0.183451 0.185621 0.181511 0.184421 0.180202
491
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.138289 0.149795 0.143647 0.145168 0.129272 0.175994
0.13153 0.132999 0.136451 0.135495 0.135565 0.187162
0.154705 0.141836 0.161793 0.152267 0.136076 0.198333
0.171948 0.181508 0.165289 0.153769 0.142168 0.191128
0.157676 0.151618 0.140533 0.137102 0.13629 0.18165
0.141379 0.143108 0.158288 0.146537 0.146509 0.189443
0.16227 0.175701 0.170617 0.159421 0.170917 0.201729
0.16188 0.17689 0.172693 0.176242 0.160398 0.215165
0.20004 0.18944 0.184407 0.184497 0.183646 0.215743
0.16975 0.177875 0.17961 0.1711 0.184018 0.211241
0.18098 0.190866 0.164614 0.176087 0.1649 0.218503
0.175038 0.199614 0.187844 0.178869 0.188066 0.228843
0.199527 0.189425 0.181538 0.191002 0.163946 0.217452
0.178125 0.177682 0.184132 0.183284 0.170256 0.206735
0.202471 0.195805 0.186125 0.175659 0.184439 0.211788
0.18114 0.184438 0.161546 0.161495 0.16964 0.174629
0.190656 0.181859 0.186529 0.172833 0.174092 0.202735
0.190484 0.192628 0.187414 0.174731 0.178448 0.197992
0.206987 0.19552 0.22034 0.202514 0.184562 0.222598
0.182402 0.193864 0.190439 0.181579 0.18653 0.207617
0.211339 0.189261 0.220142 0.217966 0.185438 0.214937
0.209082 0.20221 0.197734 0.198404 0.197875 0.210255
0.174357 0.17565 0.162436 0.182758 0.174836 0.19515
0.154259 0.17179 0.171299 0.164935 0.157455 0.185364
0.147559 0.151741 0.143827 0.136451 0.150418 0.171834
0.139165 0.144253 0.138314 0.125316 0.141978 0.167813
0.20052
0.173578 0.175284 0.172985 0.168672 0.165298
492
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 06 Layer 06
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.219158 0.210089 0.209646 0.210243 0.210667 0.202748 0.201123 0.219701 0.216817 0.249433 0.25123
0.2 0.203105 0.197299 0.209932 0.197511 0.205966 0.204008 0.203371 0.217519 0.209522 0.22296 0.222608 0.22769
0.4 0.206089 0.207899 0.207876 0.202349 0.219892 0.225872 0.217509 0.228623 0.231256 0.232327 0.216175 0.249359 0.249368
0.6 0.216215 0.221312 0.216671 0.232658 0.231162 0.214914 0.211729 0.234864 0.230533 0.205989 0.210329 0.222327 0.232407
0.8 0.195513 0.196629 0.215844 0.212302 0.219863 0.210779 0.204318 0.218283 0.220208 0.227664 0.229791 0.233111 0.242008
d5 0.203052 0.205409 0.205596 0.202414 0.211451 0.206571 0.213867 0.212376 0.211979 0.241743 0.23439 0.238554 0.235692
1.2 0.216124 0.218123 0.213844 0.221707 0.204512 0.199632 0.241911 0.210856 0.21298 0.25627 0.23502 0.256999 0.260255
1.4 0.214282 0.223149 0.231114 0.208167 0.214301 0.223846 0.238368 0.225654 0.225746 0.27777 0.279024 0.298156 0.299034
1.6 0.217791 0.243927 0.232068 0.232327 0.245722 0.22598 0.245568 0.236488 0.248121 0.231999 0.242932 0.253458 0.259539
1.8 0.23992 0.235844 0.244081 0.253994 0.250948 0.244767 0.219853 0.242377 0.258374 0.243367 0.24444 0.241154 0.255858
d1 0.270144 0.251901 0.229755 0.199357 0.217991 0.217593 0.276921 0.234985 0.232644 0.259466 0.239254 0.256704 0.254548
2.2 0.272036 0.260842 0.25052 0.215865 0.241181 0.238726 0.276547 0.25898 0.266797 0.292348 0.278452 0.316996 0.288738
2.4 0.243569 0.237124 0.24172 0.255672 0.265174 0.229839 0.227966 0.260879 0.252307 0.259029 0.256182 0.260612 0.262486
2.6 0.215069 0.235265 0.22264 0.22592 0.225934 0.221741 0.229243 0.223683 0.228824 0.204851 0.222326 0.234673 0.242223
2.8 0.197088 0.209021 0.211031 0.221724 0.242042 0.234836 0.215954 0.244255 0.265653 0.236354 0.233115 0.247446 0.25506
d2 0.198211 0.203419 0.195904 0.205505 0.223032 0.192674 0.200967 0.222065 0.232165 0.2131 0.220332 0.218951 0.2238
3.2 0.19345 0.21279 0.205804 0.195735 0.214911 0.211682 0.219255 0.225103 0.220527 0.224152 0.234304 0.254086 0.242722
3.4 0.204034 0.209969 0.204985 0.209822 0.211534 0.195724 0.20807 0.221621 0.238838 0.218405 0.211571 0.228275 0.234954
3.6 0.200615 0.208494 0.205827 0.226475 0.22898 0.220919 0.217646 0.221605 0.237129 0.239663 0.233397 0.241806 0.247443
3.8 0.197743 0.19832 0.214327 0.209077 0.222492 0.205804 0.212333 0.222199 0.226854 0.241041 0.227187 0.247547 0.262436
d3 0.20789 0.209255 0.203008 0.200358 0.208338 0.218297 0.216823 0.220809 0.224643 0.228972 0.221743 0.254919 0.258435
4.2 0.195917 0.194656 0.198039 0.222001 0.210477 0.217603 0.229272 0.227391 0.229967 0.240044 0.2596 0.249418
4.4 0.157525 0.17096 0.167206 0.199955 0.188564 0.203594 0.228514 0.235464 0.239738 0.236412
4.6 0.175117 0.182537 0.179831 0.190439 0.196604 0.193462 0.215351 0.218456
4.8 0.173199 0.173516 0.180639 0.191661 0.193782
s8d4 0.165123 0.168309 0.175842
Average 0.216254 0.218463 0.216533 0.213348 0.221721 0.212884 0.221234 0.223729 0.227154 0.231693 0.227864 0.242378 0.244609
493
Appendix 5.2 Collagen (g/cm3)
Layer 06 Layer 06
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.238608 0.232581 0.239209 0.243001 0.224497 0.216825 0.204107 0.197692 0.202605 0.199817 0.207691 0.211497 0.207364 0.208451
0.232335 0.239899 0.264031 0.248336 0.265337 0.236302 0.24057 0.243688 0.251293 0.252557 0.244023 0.236271 0.238939 0.242985
0.241494 0.246748 0.26072 0.248178 0.264279 0.265043 0.252003 0.253392 0.27041 0.260371 0.259197 0.246551 0.264288 0.255915
0.236569 0.234934 0.233864 0.230375 0.230335 0.223001 0.258876 0.263501 0.289389 0.251081 0.267416 0.25353 0.241092 0.245095
0.24738 0.257253 0.24848 0.248881 0.229009 0.231547 0.232699 0.218253 0.207255 0.207925 0.225147 0.218897 0.240592 0.234082
0.236313 0.238638 0.238083 0.234694 0.245802 0.253288 0.247625 0.239452 0.244674 0.243309 0.2412 0.242334 0.240549 0.249004
0.262408 0.270208 0.269841 0.270741 0.272993 0.278951 0.252649 0.283456 0.278153 0.27671 0.279385 0.27625 0.272579 0.261031
0.295077 0.284884 0.281967 0.282388 0.260336 0.256496 0.249495 0.251921 0.24847 0.248219 0.258147 0.252002 0.250084 0.272051
0.251404 0.265807 0.270442 0.288525 0.277875 0.286041 0.254792 0.235964 0.241603 0.257514 0.269403 0.291266 0.276788 0.272249
0.271898 0.275344 0.280236 0.286385 0.281528 0.282571 0.278873 0.289466 0.262971 0.270514 0.271651 0.270441 0.285521 0.266709
0.251394 0.254939 0.2787 0.252501 0.276283 0.263854 0.258455 0.276255 0.28292 0.276794 0.27749 0.251953 0.278161 0.280342
0.299339 0.280961 0.294205 0.27784 0.272709 0.27748 0.288659 0.287516 0.30717 0.290997 0.27866 0.264041 0.29889 0.301217
0.272682 0.264821 0.256811 0.258572 0.243302 0.234861 0.292347 0.281782 0.313863 0.280932 0.286235 0.289802 0.286949 0.285571
0.224026 0.249531 0.271305 0.259834 0.265235 0.248514 0.257839 0.23917 0.230505 0.242753 0.245863 0.261444 0.26943 0.272285
0.272876 0.274233 0.279612 0.288791 0.288026 0.283773 0.253857 0.261154 0.261752 0.255872 0.275584 0.2728 0.281393 0.262468
0.229574 0.231097 0.219029 0.217776 0.201641 0.198226 0.219955 0.214038 0.261082 0.232789 0.243133 0.236272 0.224655 0.231318
0.235023 0.231784 0.252862 0.247463 0.254011 0.249298 0.233378 0.230608 0.256357 0.26287 0.250536 0.256355 0.256354 0.251259
0.22281 0.240665 0.240421 0.23549 0.236113 0.234542 0.244892 0.241565 0.296829 0.263923 0.285202 0.265724 0.254688 0.25154
0.245091 0.265661 0.270381 0.286653 0.277017 0.276066 0.283988 0.287968 0.272808 0.272148 0.276366 0.287167 0.286033 0.296305
0.26309 0.290032 0.279636 0.263467 0.25201 0.259657 0.264176 0.268685 0.257205 0.259094 0.278974 0.26306 0.292826 0.280307
0.241563 0.248245 0.265555 0.262349 0.261557 0.252283 0.230552 0.251933 0.263602 0.263431 0.261934 0.250301 0.258672 0.257225
0.251047 0.25226 0.264134 0.256368 0.252515 0.242118 0.240753 0.234818 0.26603 0.269282 0.253758 0.264674 0.269612 0.26491
0.241083 0.239387 0.239829 0.228277 0.227866 0.229409 0.223954 0.226009 0.239247 0.225513 0.225366 0.213394 0.232239 0.24738
0.210868 0.221376 0.223062 0.236543 0.214729 0.21632 0.227783 0.224209 0.217134 0.214689 0.218728 0.230352 0.230389 0.239267
0.212591 0.202973 0.212526 0.212178 0.218967 0.218332 0.213018 0.222595 0.2191 0.211936 0.217449 0.21197 0.222245 0.203506
0.19052 0.199549 0.213338 0.214158 0.205306 0.211135 0.217041 0.217081 0.197023 0.208079 0.210253 0.212695 0.229412 0.214855
0.245272 0.249762 0.255703 0.253068 0.249972 0.247151 0.247013 0.247776 0.255364 0.249966 0.254184 0.251194 0.257298 0.255666
494
Appendix 5.2 Collagen (g/cm3)
Layer 06 Layer 06
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.225036 0.203269 0.193042 0.218093 0.215472 0.214269 0.233314 0.207305 0.194839 0.204422 0.199936 0.203388 0.195856 0.210225
0.237287 0.223852 0.232319 0.248693 0.2345 0.226371 0.244829 0.21679 0.219667 0.216321 0.213578 0.211564 0.22276 0.217741
0.271271 0.25134 0.247652 0.24035 0.248794 0.247725 0.25528 0.241979 0.236482 0.24396 0.250156 0.242474 0.25408 0.253039
0.254616 0.263078 0.237826 0.233003 0.208164 0.189994 0.24174 0.207168 0.203071 0.222371 0.198787 0.204787 0.198243 0.212821
0.232353 0.242732 0.220999 0.236171 0.241543 0.221679 0.242543 0.224795 0.23134 0.21813 0.234357 0.229194 0.220192 0.20227
0.241983 0.230523 0.237524 0.235399 0.233338 0.243129 0.226842 0.228169 0.234324 0.226481 0.225907 0.207696 0.228778 0.220287
0.267502 0.26266 0.273488 0.269763 0.256715 0.26121 0.256732 0.258006 0.241192 0.236734 0.262455 0.252023 0.279602 0.244054
0.277617 0.253923 0.265595 0.263232 0.282086 0.27886 0.296021 0.253757 0.244728 0.241924 0.245405 0.245465 0.258045 0.26399
0.27177 0.294431 0.265058 0.281859 0.274375 0.270352 0.248844 0.276187 0.256547 0.251329 0.270303 0.268962 0.269777 0.246142
0.277232 0.277444 0.26173 0.264432 0.27116 0.252084 0.27281 0.255533 0.257838 0.254014 0.270098 0.27732 0.289828 0.254197
0.279415 0.260385 0.291596 0.277081 0.261723 0.269666 0.2467 0.275948 0.251832 0.248643 0.25906 0.262952 0.263617 0.25675
0.294962 0.26687 0.299286 0.289415 0.295164 0.310505 0.289541 0.306948 0.281069 0.270666 0.279057 0.284055 0.274315 0.275734
0.291866 0.315791 0.276028 0.255728 0.226881 0.213078 0.271096 0.235276 0.237732 0.25073 0.236129 0.247658 0.228373 0.229282
0.266116 0.272425 0.24384 0.272331 0.266989 0.255773 0.252831 0.244282 0.25466 0.247728 0.259192 0.259494 0.238456 0.24154
0.27302 0.278397 0.259969 0.270975 0.279137 0.257284 0.258099 0.275894 0.249065 0.262818 0.265452 0.263116 0.299545 0.255301
0.222556 0.240898 0.218782 0.211238 0.193664 0.174464 0.216615 0.195675 0.189276 0.200717 0.187564 0.190149 0.188505 0.177116
0.245839 0.245484 0.255346 0.249444 0.2573 0.271252 0.239538 0.263738 0.241312 0.246214 0.260774 0.246588 0.268658 0.242235
0.261681 0.271428 0.245127 0.238402 0.2255 0.196725 0.263245 0.21867 0.221222 0.231568 0.212999 0.232527 0.217645 0.210911
0.293121 0.306401 0.270045 0.269732 0.26882 0.262443 0.279835 0.267709 0.270779 0.273882 0.289661 0.269405 0.289867 0.284206
0.267987 0.289432 0.254571 0.28641 0.277267 0.2487 0.269694 0.270555 0.272472 0.262986 0.291719 0.287869 0.277691 0.237597
0.269333 0.263073 0.265131 0.244205 0.26157 0.260489 0.283633 0.26464 0.250474 0.261034 0.280565 0.273347 0.278453 0.283688
0.261873 0.26039 0.264826 0.27283 0.263177 0.276325 0.253368 0.282182 0.261211 0.265561 0.277485 0.261264 0.271466 0.256318
0.240139 0.217568 0.242065 0.241143 0.253451 0.246396 0.266505 0.242396 0.236836 0.224194 0.23351 0.225204 0.223438 0.21445
0.230026 0.230539 0.214634 0.229443 0.223977 0.22747 0.235102 0.22401 0.217081 0.215934 0.225021 0.220317 0.230263 0.233545
0.220095 0.220251 0.224785 0.224055 0.2234 0.21645 0.226932 0.219913 0.216918 0.222604 0.225952 0.236691 0.247435 0.215493
0.216361 0.224753 0.207773 0.230369 0.229819 0.205719 0.224429 0.20832 0.220082 0.210571 0.222426 0.220169 0.220393 0.195133
0.257348 0.256436 0.248809 0.252069 0.249 0.242247 0.253697 0.24484 0.238156 0.238905 0.24529 0.243218 0.247511 0.235926
495
Appendix 5.2 Collagen (g/cm3)
Layer 06 Layer 06
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.220208 0.215963 0.201856 0.188 0.187958 0.202077 0.197514 0.207566 0.184697 0.182472 0.185241 0.172222 0.182421 0.18738
0.223938 0.225313 0.221768 0.230785 0.229114 0.211396 0.210065 0.223677 0.187071 0.187901 0.191642 0.202234 0.18479 0.165648
0.241597 0.2233 0.215339 0.231979 0.245338 0.237427 0.233078 0.235188 0.22026 0.198456 0.202358 0.183577 0.18786 0.179446
0.212097 0.185906 0.2001 0.237063 0.231496 0.239237 0.224595 0.212763 0.227724 0.249326 0.208628 0.208622 0.208825 0.217515
0.220858 0.216189 0.215256 0.220712 0.221737 0.219158 0.20776 0.233497 0.195082 0.179471 0.194324 0.189758 0.19545 0.188492
0.214577 0.213618 0.225312 0.23655 0.230621 0.227643 0.220274 0.212688 0.202443 0.182029 0.186086 0.174428 0.184345 0.174761
0.265563 0.271416 0.248872 0.242937 0.238804 0.243106 0.240963 0.233547 0.230611 0.216385 0.232213 0.235255 0.205361 0.205363
0.269637 0.270467 0.255114 0.251644 0.248902 0.272592 0.255909 0.255122 0.24504 0.229931 0.24061 0.222375 0.221644 0.225205
0.245012 0.257648 0.277469 0.262714 0.261448 0.245448 0.252465 0.247718 0.234843 0.233944 0.240545 0.22107 0.224558 0.248743
0.282863 0.251874 0.263259 0.265812 0.279062 0.259912 0.257744 0.28238 0.240739 0.227535 0.242723 0.251605 0.225147 0.207611
0.304131 0.293572 0.275115 0.284867 0.275965 0.236427 0.230485 0.236167 0.264783 0.251129 0.234466 0.221826 0.232349 0.208375
0.323027 0.320541 0.27677 0.295404 0.295776 0.272002 0.286824 0.288884 0.272 0.242568 0.235116 0.216955 0.261049 0.223168
0.228543 0.22413 0.23868 0.271486 0.259308 0.274405 0.258781 0.251939 0.235064 0.241238 0.214737 0.228395 0.237441 0.236026
0.235716 0.250621 0.263232 0.262019 0.25473 0.22655 0.242293 0.247581 0.208724 0.212576 0.221816 0.223604 0.217396 0.23147
0.277224 0.243588 0.258014 0.2568 0.270442 0.259774 0.234213 0.257918 0.253875 0.248604 0.247696 0.230065 0.223261 0.232723
0.188171 0.184644 0.201935 0.228682 0.222449 0.229773 0.209464 0.225587 0.208567 0.216271 0.195049 0.208163 0.217894 0.230528
0.246483 0.246025 0.246805 0.267068 0.247829 0.238826 0.234202 0.237846 0.2403 0.228071 0.224185 0.211837 0.228449 0.231132
0.218412 0.202891 0.219361 0.2425 0.258133 0.248723 0.240552 0.259534 0.21742 0.225295 0.207529 0.213912 0.220644 0.244542
0.27246 0.264541 0.281284 0.280827 0.291141 0.282112 0.288589 0.2793 0.265152 0.256887 0.259336 0.255054 0.235081 0.234638
0.276861 0.262189 0.260212 0.262779 0.258622 0.264049 0.256384 0.287215 0.242683 0.21785 0.241745 0.241439 0.23786 0.23234
0.276529 0.265145 0.245587 0.264245 0.276513 0.26848 0.272106 0.28055 0.281671 0.262315 0.272146 0.257702 0.245885 0.251491
0.261076 0.274082 0.271541 0.289889 0.271678 0.269348 0.264831 0.273027 0.261538 0.237239 0.247258 0.227978 0.255796 0.252499
0.254488 0.2482 0.232255 0.242788 0.250551 0.232505 0.222506 0.242209 0.243589 0.237289 0.232541 0.22211 0.238816 0.216974
0.234472 0.234277 0.230529 0.224081 0.225469 0.24159 0.252705 0.242927 0.219364 0.216642 0.216277 0.212504 0.195479 0.199204
0.241519 0.222784 0.210559 0.212346 0.218852 0.218526 0.20847 0.220764 0.202004 0.198647 0.196925 0.200194 0.197586 0.179428
0.21592 0.204141 0.204163 0.20935 0.214216 0.204754 0.205437 0.220853 0.177279 0.170856 0.17955 0.190483 0.178817 0.163005
0.24813 0.241272 0.240015 0.248589 0.248698 0.243301 0.238777 0.246017 0.229328 0.221189 0.221182 0.216283 0.217085 0.214143
496
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.157568 0.171021 0.16742 0.168804 0.151729 0.20492
0.162383 0.160287 0.162512 0.155873 0.154766 0.217212
0.176273 0.161934 0.188568 0.17706 0.159715 0.231109
0.204064 0.216995 0.189971 0.183536 0.168443 0.224046
0.18188 0.170962 0.16399 0.167791 0.156126 0.216842
0.174542 0.17247 0.188521 0.168575 0.16726 0.21992
0.200445 0.21451 0.209131 0.20041 0.202985 0.245227
0.199852 0.213184 0.205677 0.202748 0.183116 0.249826
0.237403 0.226479 0.211944 0.220212 0.217586 0.252813
0.209685 0.217165 0.220154 0.215092 0.218544 0.256729
0.204909 0.235621 0.201966 0.206674 0.197951 0.253391
0.201907 0.225082 0.219198 0.218907 0.215439 0.273099
0.225909 0.233842 0.222729 0.224179 0.196805 0.252006
0.219908 0.214138 0.2193 0.210849 0.19437 0.240045
0.233552 0.220787 0.217193 0.214978 0.211283 0.252764
0.223754 0.225176 0.198011 0.203017 0.201469 0.212276
0.226266 0.217415 0.214383 0.20629 0.206267 0.237601
0.21704 0.219923 0.218429 0.203182 0.209447 0.230789
0.245648 0.233748 0.253243 0.241716 0.218671 0.260816
0.225312 0.236684 0.233427 0.228265 0.221527 0.252366
0.250813 0.226264 0.253016 0.260159 0.21971 0.251878
0.241177 0.228008 0.23074 0.242814 0.226675 0.251053
0.215256 0.211689 0.193461 0.210244 0.199599 0.226689
0.183072 0.205377 0.196879 0.196863 0.186555 0.217252
0.182272 0.185257 0.176293 0.171533 0.17864 0.209149
0.160527 0.162657 0.161401 0.153367 0.162642 0.200509
0.236665
0.206208 0.207949 0.204521 0.202044 0.193358
497
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 07 Layer 07
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.245635 0.240821 0.243232 0.247891 0.23922 0.23542 0.236478 0.270052 0.26805 0.284429 0.28584
0.2 0.229352 0.226559 0.234971 0.233368 0.244758 0.241048 0.239815 0.2569 0.243476 0.256856 0.255899 0.261581
0.4 0.242202 0.238335 0.235496 0.228589 0.248984 0.255901 0.25039 0.257271 0.257284 0.273372 0.256884 0.280643 0.277558
0.6 0.254102 0.253712 0.24546 0.262827 0.261744 0.243487 0.243737 0.264294 0.25648 0.24238 0.249937 0.25022 0.258679
0.8 0.224638 0.235117 0.248436 0.247405 0.244856 0.248129 0.24154 0.248873 0.257814 0.256729 0.260005 0.25912 0.270908
d5 0.236667 0.233592 0.228438 0.236942 0.240779 0.239528 0.247345 0.24419 0.248075 0.273105 0.263073 0.267449 0.265363
1.2 0.24333 0.246312 0.245557 0.248151 0.24164 0.237231 0.285832 0.248642 0.251539 0.2978 0.270749 0.295433 0.298994
1.4 0.249757 0.253767 0.256792 0.243678 0.244024 0.259559 0.275682 0.259458 0.264186 0.313806 0.313169 0.33427 0.33668
1.6 0.245385 0.273586 0.260105 0.266312 0.285088 0.266445 0.278851 0.274597 0.291738 0.285167 0.300336 0.289019 0.295294
1.8 0.270122 0.266322 0.280279 0.284289 0.296506 0.290867 0.25977 0.285811 0.305152 0.282805 0.281601 0.277218 0.293943
d1 0.284061 0.276513 0.255067 0.24715 0.247572 0.269912 0.295462 0.266921 0.264358 0.286027 0.271735 0.288185 0.3017
2.2 0.28605 0.286328 0.278119 0.267615 0.273908 0.296126 0.295063 0.294176 0.303167 0.322276 0.316254 0.355871 0.342223
2.4 0.279854 0.283538 0.278219 0.297946 0.295318 0.270565 0.269496 0.297439 0.295395 0.292099 0.289866 0.289689 0.293831
2.6 0.242317 0.263871 0.249538 0.258968 0.26213 0.261448 0.260313 0.259728 0.269049 0.251798 0.274861 0.267599 0.275591
2.8 0.231623 0.239621 0.23907 0.250476 0.274064 0.266057 0.248601 0.274861 0.295552 0.278111 0.277014 0.27849 0.283893
d2 0.227739 0.243236 0.225485 0.239484 0.248385 0.226815 0.237579 0.253186 0.271813 0.240306 0.249303 0.24338 0.250525
3.2 0.225476 0.241986 0.22867 0.229124 0.244719 0.245454 0.253577 0.258823 0.258078 0.253232 0.262977 0.284863 0.273279
3.4 0.229885 0.235499 0.22975 0.240515 0.245423 0.230772 0.236271 0.257334 0.280823 0.268458 0.261564 0.260303 0.267321
3.6 0.235768 0.239018 0.233175 0.255843 0.259274 0.25029 0.250549 0.249373 0.263818 0.282004 0.277349 0.272142 0.275415
3.8 0.2272 0.237138 0.24669 0.243647 0.247784 0.242272 0.251015 0.253338 0.265594 0.271813 0.257059 0.275166 0.293776
d3 0.244319 0.23989 0.229981 0.226339 0.235901 0.247319 0.249601 0.248478 0.249926 0.269424 0.2635 0.286901 0.287649
4.2 0.234265 0.224049 0.230784 0.247236 0.247772 0.257245 0.261403 0.266223 0.259326 0.271606 0.288564 0.279203
4.4 0.19529 0.194159 0.207409 0.213343 0.214191 0.231348 0.251907 0.267431 0.269139 0.280204
4.6 0.198398 0.210131 0.202365 0.211873 0.231338 0.229894 0.242368 0.24315
4.8 0.204555 0.201635 0.208101 0.220324 0.222627
s8d4 0.190226 0.193479 0.202016
Average 0.246342 0.250048 0.245026 0.246833 0.252874 0.249767 0.253819 0.256249 0.262289 0.267938 0.264977 0.273468 0.277586
498
Appendix 5.2 Collagen (g/cm3)
Layer 07 Layer 07
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.296663 0.277955 0.274737 0.278943 0.259345 0.251285 0.24856 0.243719 0.244266 0.237934 0.237682 0.238585 0.239669 0.252606
0.260826 0.272634 0.298475 0.284855 0.298435 0.270028 0.282409 0.271438 0.283392 0.282807 0.276162 0.267637 0.272877 0.287123
0.276452 0.278392 0.292587 0.281107 0.299938 0.304643 0.284837 0.28663 0.304968 0.30018 0.288316 0.280707 0.298512 0.289888
0.270815 0.265063 0.262448 0.260942 0.261414 0.25632 0.292606 0.298064 0.326372 0.289469 0.297458 0.288654 0.272312 0.277632
0.283789 0.291921 0.288503 0.294139 0.27776 0.282228 0.263741 0.258203 0.243267 0.244614 0.259937 0.250988 0.273102 0.264522
0.272877 0.275882 0.269469 0.268798 0.283502 0.290885 0.280766 0.274262 0.27723 0.274705 0.268573 0.275777 0.27606 0.284731
0.294585 0.307078 0.305043 0.310555 0.307045 0.318765 0.296589 0.315736 0.313683 0.309852 0.316181 0.312923 0.311294 0.308447
0.340732 0.329345 0.319139 0.323423 0.300266 0.294569 0.282886 0.288544 0.28153 0.280248 0.287442 0.28678 0.287002 0.311085
0.312572 0.317664 0.310609 0.3312 0.321009 0.331502 0.310283 0.290902 0.291283 0.306638 0.308305 0.328571 0.319909 0.329919
0.30524 0.312915 0.316795 0.3285 0.316645 0.322902 0.327374 0.32243 0.296563 0.302913 0.307429 0.306343 0.326075 0.315157
0.289888 0.300906 0.322786 0.302745 0.331138 0.312421 0.292449 0.31462 0.317356 0.320317 0.32634 0.305141 0.312752 0.319067
0.345174 0.331621 0.340744 0.333126 0.326855 0.328556 0.326625 0.327445 0.344557 0.336753 0.327715 0.319781 0.336059 0.342825
0.312815 0.300508 0.298175 0.305592 0.295096 0.286267 0.331346 0.333361 0.3684 0.330503 0.330464 0.332288 0.325722 0.322706
0.278533 0.298212 0.3116 0.298265 0.306407 0.288011 0.313994 0.294855 0.277903 0.289061 0.281366 0.29493 0.311405 0.329963
0.312377 0.309402 0.313788 0.327108 0.326889 0.326172 0.286932 0.295409 0.295204 0.294994 0.306544 0.310592 0.317832 0.297311
0.263363 0.26224 0.254308 0.257378 0.244566 0.241614 0.249297 0.253217 0.306447 0.273866 0.280703 0.270911 0.255011 0.261398
0.271387 0.267958 0.286197 0.283423 0.292971 0.286302 0.264613 0.264133 0.290467 0.296789 0.278967 0.291733 0.294198 0.28731
0.277022 0.287616 0.276129 0.270321 0.272764 0.271818 0.298227 0.297807 0.357864 0.314269 0.326385 0.299758 0.294365 0.304823
0.280571 0.299731 0.303428 0.324687 0.314395 0.317313 0.32099 0.32574 0.307673 0.313758 0.307413 0.32695 0.323072 0.335641
0.301812 0.329117 0.324677 0.311378 0.305658 0.31649 0.299417 0.317867 0.301896 0.304812 0.322081 0.301626 0.332393 0.316757
0.276532 0.280081 0.298013 0.297158 0.296849 0.289976 0.260591 0.284979 0.29729 0.303707 0.29136 0.284977 0.292169 0.291372
0.287995 0.286255 0.306678 0.302988 0.306269 0.295113 0.27287 0.2778 0.312255 0.316798 0.292969 0.303477 0.306043 0.299359
0.277998 0.282551 0.277766 0.273701 0.273108 0.271636 0.25341 0.257396 0.268368 0.260972 0.265039 0.258442 0.261119 0.281551
0.241393 0.249766 0.250326 0.267928 0.243702 0.24864 0.257462 0.253618 0.244883 0.247514 0.243301 0.262264 0.260223 0.27103
0.23866 0.230669 0.240251 0.24338 0.246281 0.249494 0.250065 0.247944 0.247087 0.237319 0.246088 0.24011 0.253811 0.240473
0.213882 0.226778 0.241169 0.245651 0.230915 0.24127 0.254788 0.241802 0.22219 0.233001 0.237945 0.240931 0.261997 0.253883
0.283998 0.287395 0.291686 0.292588 0.28997 0.288239 0.284736 0.286074 0.293169 0.288607 0.288929 0.287726 0.292884 0.295253
499
Appendix 5.2 Collagen (g/cm3)
Layer 07 Layer 07
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.26543 0.232622 0.235431 0.257143 0.252742 0.251685 0.274976 0.242965 0.231626 0.239159 0.232304 0.232571 0.231223 0.240699
0.273765 0.264212 0.264202 0.28487 0.269523 0.260878 0.287358 0.261105 0.263624 0.257639 0.255714 0.24806 0.251385 0.248917
0.302453 0.285025 0.292118 0.283134 0.290644 0.290328 0.299708 0.284557 0.28025 0.279639 0.291231 0.280352 0.285229 0.282758
0.283883 0.298336 0.280528 0.27448 0.243179 0.222669 0.283812 0.24362 0.240654 0.254892 0.231427 0.236779 0.222546 0.237816
0.268578 0.273121 0.262363 0.276247 0.288591 0.264199 0.286261 0.266311 0.268582 0.253906 0.267058 0.270224 0.264257 0.235331
0.283184 0.264209 0.273862 0.271282 0.26212 0.273345 0.261098 0.267958 0.272712 0.263302 0.259392 0.241384 0.254729 0.250461
0.308625 0.310018 0.311021 0.309005 0.295056 0.301029 0.301329 0.310746 0.289457 0.281951 0.314235 0.295499 0.315531 0.278997
0.324885 0.291029 0.306228 0.303358 0.316881 0.313516 0.340724 0.298008 0.28482 0.281255 0.281781 0.285278 0.287317 0.300151
0.320552 0.336949 0.323261 0.332327 0.321832 0.317562 0.29328 0.323696 0.304985 0.294037 0.314064 0.307553 0.318492 0.281822
0.31985 0.327468 0.29765 0.302899 0.311658 0.290512 0.320199 0.307768 0.309434 0.302532 0.323386 0.32516 0.32707 0.290592
0.329174 0.314809 0.327452 0.314785 0.299827 0.300635 0.296685 0.311193 0.290538 0.294919 0.306369 0.312614 0.321458 0.320936
0.347489 0.322648 0.336088 0.328798 0.338136 0.346165 0.348206 0.346152 0.324268 0.321041 0.330017 0.337702 0.334504 0.344665
0.33737 0.355327 0.327692 0.299123 0.271072 0.253948 0.31996 0.278728 0.276002 0.291853 0.269078 0.291994 0.274076 0.266758
0.313884 0.311765 0.297384 0.321092 0.313169 0.300437 0.297978 0.286303 0.302742 0.289823 0.301153 0.296727 0.281516 0.276554
0.304403 0.315708 0.306646 0.319211 0.326091 0.301531 0.303019 0.324439 0.295161 0.301254 0.309038 0.304219 0.336268 0.285286
0.257254 0.271057 0.259732 0.247083 0.231385 0.207929 0.25566 0.231813 0.219747 0.233637 0.213736 0.224189 0.226229 0.206066
0.287696 0.281356 0.294411 0.287469 0.289038 0.304963 0.275711 0.30973 0.280845 0.286242 0.299428 0.286583 0.299133 0.275416
0.308652 0.310624 0.298953 0.281088 0.264504 0.231078 0.310253 0.256285 0.262991 0.270918 0.247482 0.265891 0.256947 0.241485
0.326815 0.347465 0.318531 0.317748 0.314037 0.307578 0.328537 0.314813 0.320895 0.313936 0.337223 0.31149 0.325403 0.317585
0.309768 0.325667 0.302219 0.335011 0.331273 0.296403 0.318305 0.320522 0.316335 0.306118 0.332424 0.339404 0.333264 0.276433
0.300292 0.29833 0.312735 0.287676 0.305569 0.305287 0.332996 0.311205 0.296832 0.29921 0.326633 0.316048 0.312589 0.317007
0.302702 0.29299 0.314394 0.319127 0.314438 0.329327 0.299036 0.334296 0.303261 0.309116 0.316205 0.308036 0.325792 0.298213
0.282903 0.263042 0.27183 0.273957 0.29035 0.274693 0.320504 0.273356 0.273237 0.26592 0.276153 0.267738 0.272463 0.268062
0.256467 0.261436 0.253171 0.270287 0.261652 0.266589 0.276018 0.263426 0.257258 0.247514 0.261969 0.254735 0.258493 0.260975
0.253929 0.259962 0.255634 0.256647 0.256765 0.249446 0.266352 0.264866 0.260325 0.265122 0.27053 0.277522 0.27923 0.246347
0.249622 0.265276 0.236287 0.263881 0.264142 0.237079 0.263414 0.250904 0.264122 0.250791 0.266309 0.25815 0.248714 0.223072
0.296909 0.295402 0.290762 0.29299 0.289372 0.280723 0.298515 0.287875 0.280412 0.279066 0.285936 0.283688 0.286302 0.272016
500
Appendix 5.2 Collagen (g/cm3)
Layer 07 Layer 07
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.252697 0.248794 0.234405 0.226614 0.217888 0.243213 0.234542 0.237022 0.226552 0.225682 0.220098 0.210819 0.218227 0.203809
0.254342 0.254679 0.262683 0.271002 0.267371 0.245783 0.245214 0.257282 0.220865 0.224486 0.22106 0.228036 0.215634 0.1979
0.272617 0.256927 0.251589 0.269134 0.280898 0.264091 0.266723 0.267348 0.24745 0.221993 0.226666 0.208412 0.21959 0.201908
0.239329 0.213902 0.233784 0.275032 0.26505 0.266104 0.257016 0.241857 0.255835 0.278896 0.233689 0.236845 0.244096 0.244742
0.258412 0.243146 0.244888 0.250841 0.257486 0.24595 0.237291 0.25953 0.22958 0.224928 0.231275 0.229768 0.222123 0.217269
0.245926 0.248256 0.260459 0.266298 0.266591 0.261479 0.257064 0.245722 0.23289 0.216796 0.219051 0.210216 0.214508 0.198786
0.301618 0.30679 0.294788 0.285272 0.27868 0.282651 0.281281 0.268634 0.27227 0.258516 0.267859 0.26527 0.23964 0.245347
0.30903 0.314323 0.294909 0.283291 0.287724 0.31311 0.29865 0.294747 0.281893 0.273847 0.283234 0.268002 0.257909 0.256164
0.281161 0.296817 0.32221 0.316672 0.30308 0.295413 0.299795 0.282872 0.288063 0.289343 0.285808 0.270614 0.268635 0.270552
0.321267 0.284702 0.31183 0.312133 0.325659 0.302191 0.300871 0.324804 0.284227 0.271837 0.279982 0.283706 0.262728 0.248033
0.341082 0.327226 0.315194 0.317073 0.306708 0.285933 0.279499 0.285829 0.300344 0.290153 0.288208 0.275257 0.26091 0.246642
0.362274 0.357287 0.31709 0.328801 0.328727 0.328958 0.347819 0.349632 0.30853 0.280261 0.289006 0.269212 0.293138 0.264152
0.267404 0.252076 0.271536 0.308547 0.301115 0.307951 0.295564 0.280029 0.276632 0.302339 0.255571 0.276551 0.269843 0.272059
0.270493 0.288722 0.305677 0.315834 0.295293 0.272668 0.287716 0.282715 0.256024 0.262915 0.263555 0.273715 0.260067 0.251766
0.312819 0.280271 0.301447 0.297931 0.309641 0.288948 0.268022 0.293187 0.285214 0.278088 0.27745 0.261189 0.260971 0.261854
0.220167 0.207667 0.229733 0.259899 0.258314 0.257863 0.239237 0.250739 0.24545 0.271049 0.232138 0.252054 0.24763 0.265722
0.282493 0.285918 0.285305 0.300654 0.286484 0.274325 0.273318 0.274788 0.27644 0.271632 0.263899 0.255301 0.265828 0.262905
0.250635 0.233736 0.254733 0.292306 0.299237 0.299355 0.285649 0.296365 0.266691 0.278645 0.246579 0.261852 0.263953 0.265983
0.307443 0.30438 0.328635 0.325805 0.33334 0.313794 0.330247 0.317492 0.297883 0.287353 0.290488 0.289559 0.274788 0.264009
0.323938 0.294882 0.296032 0.298651 0.300318 0.296328 0.292827 0.319238 0.285598 0.273028 0.287714 0.292345 0.270321 0.267811
0.312035 0.305074 0.286929 0.306568 0.316592 0.298632 0.311385 0.318913 0.316441 0.293425 0.304837 0.292565 0.287417 0.282971
0.305469 0.308258 0.308922 0.329462 0.315479 0.302275 0.302474 0.303468 0.307788 0.297327 0.294275 0.276047 0.290704 0.291047
0.285407 0.276652 0.26609 0.270236 0.278462 0.28119 0.269823 0.293142 0.276304 0.274162 0.285841 0.27561 0.268171 0.25682
0.264578 0.269557 0.269336 0.259971 0.25815 0.268722 0.289183 0.276145 0.246443 0.242336 0.242257 0.241253 0.228497 0.224139
0.274309 0.25182 0.249406 0.24935 0.255395 0.254072 0.243352 0.253931 0.238495 0.237324 0.227153 0.225735 0.230566 0.214362
0.245235 0.230748 0.24183 0.245832 0.249986 0.23806 0.239811 0.254034 0.209304 0.204121 0.207112 0.214785 0.208664 0.194742
0.283161 0.274716 0.27844 0.287046 0.286295 0.280348 0.278245 0.281902 0.266662 0.262711 0.258646 0.255566 0.251714 0.245057
501
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.182015 0.199753 0.190435 0.19229 0.178939 0.240403
0.196336 0.184892 0.189638 0.186222 0.174318 0.251232
0.19611 0.184217 0.211154 0.201449 0.184028 0.26383
0.227029 0.246856 0.212726 0.208817 0.194084 0.255616
0.211119 0.198446 0.186746 0.189556 0.186318 0.2515
0.200793 0.194 0.209724 0.200772 0.197255 0.252395
0.242357 0.247438 0.244038 0.23943 0.228628 0.283533
0.229909 0.239796 0.22881 0.241473 0.215956 0.286764
0.274237 0.264527 0.241079 0.250851 0.256607 0.296184
0.253529 0.2505 0.256901 0.256971 0.246153 0.296936
0.241614 0.265982 0.240737 0.237967 0.230736 0.293351
0.238074 0.254085 0.261278 0.252053 0.251121 0.316206
0.262226 0.271435 0.253635 0.253259 0.234863 0.292202
0.254027 0.250113 0.249447 0.240185 0.229227 0.281207
0.259835 0.251169 0.243207 0.244591 0.243446 0.288492
0.259725 0.261376 0.225487 0.229351 0.240428 0.246185
0.260296 0.244555 0.238494 0.245691 0.243258 0.272772
0.250714 0.25687 0.248456 0.231451 0.247009 0.270508
0.273292 0.265914 0.283576 0.275012 0.251959 0.297707
0.261534 0.274734 0.265817 0.257875 0.264365 0.29275
0.279038 0.257401 0.283321 0.295996 0.253156 0.28749
0.279949 0.264663 0.262757 0.274312 0.270509 0.291299
0.253814 0.238966 0.230599 0.242078 0.232658 0.263469
0.203674 0.233639 0.220461 0.223981 0.214953 0.247979
0.220385 0.213695 0.20572 0.204931 0.201209 0.241976
0.194093 0.187626 0.188341 0.183228 0.183189 0.231889
0.273414
0.238682 0.238563 0.233561 0.233069 0.225168
502
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 08 Layer 08
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.247241 0.241036 0.24345 0.252789 0.254611 0.244115 0.247512 0.276481 0.27294 0.284685 0.286097
0.2 0.236908 0.232772 0.236174 0.240205 0.256387 0.252959 0.253542 0.267715 0.263715 0.273329 0.274727 0.275574
0.4 0.252317 0.252162 0.248267 0.243119 0.266601 0.271244 0.265198 0.272372 0.26869 0.277648 0.272911 0.290214 0.287245
0.6 0.259005 0.261035 0.247065 0.263062 0.261979 0.248297 0.259419 0.274056 0.268446 0.248151 0.254497 0.250445 0.258912
0.8 0.234715 0.245986 0.25972 0.262354 0.267986 0.262733 0.24959 0.26539 0.275812 0.26042 0.264364 0.26391 0.271408
d5 0.246552 0.247144 0.240827 0.252004 0.257815 0.253889 0.261973 0.258524 0.259073 0.277377 0.279486 0.27657 0.274625
1.2 0.248173 0.25638 0.258201 0.273322 0.266696 0.263183 0.288595 0.275171 0.277754 0.299149 0.29718 0.301221 0.300477
1.4 0.26096 0.265499 0.268455 0.258401 0.267075 0.274836 0.28487 0.276677 0.282629 0.318318 0.31842 0.34045 0.337302
1.6 0.261605 0.278985 0.27797 0.279463 0.28793 0.278512 0.289738 0.2844 0.294744 0.300181 0.311037 0.300165 0.304796
1.8 0.281804 0.275096 0.287964 0.285745 0.305193 0.304686 0.272606 0.302171 0.317999 0.306314 0.299661 0.297616 0.309667
d1 0.289715 0.287816 0.2682 0.27222 0.273244 0.29944 0.298317 0.2954 0.291909 0.287323 0.298262 0.29383 0.303196
2.2 0.297997 0.302938 0.293202 0.284626 0.293288 0.31388 0.312512 0.311444 0.316607 0.327316 0.335985 0.368007 0.354167
2.4 0.285253 0.291722 0.280038 0.298212 0.295582 0.275911 0.286835 0.308425 0.309177 0.299053 0.295154 0.28995 0.294096
2.6 0.252797 0.272564 0.256381 0.260294 0.26981 0.27387 0.273176 0.274594 0.280376 0.272729 0.292488 0.287288 0.290333
2.8 0.246935 0.24435 0.25549 0.262845 0.276797 0.278106 0.258307 0.284674 0.298597 0.292753 0.286885 0.28923 0.293028
d2 0.242794 0.248036 0.240972 0.251311 0.250862 0.237087 0.246855 0.262224 0.274613 0.252958 0.258186 0.252765 0.258587
3.2 0.240381 0.246762 0.244376 0.240439 0.247159 0.25657 0.263478 0.268064 0.260737 0.266564 0.272347 0.295848 0.282073
3.4 0.239486 0.249161 0.242209 0.255804 0.262788 0.244608 0.250243 0.27244 0.293273 0.272657 0.277883 0.26918 0.276651
3.6 0.245965 0.246892 0.239569 0.257153 0.26687 0.262182 0.262929 0.263647 0.274925 0.305445 0.295136 0.292166 0.290147
3.8 0.231722 0.246832 0.259392 0.268361 0.273478 0.268776 0.253441 0.280368 0.293274 0.273045 0.282153 0.280557 0.295232
d3 0.255279 0.25098 0.240427 0.240015 0.258185 0.261876 0.25792 0.264969 0.267374 0.273298 0.267918 0.292205 0.28818
4.2 0.238888 0.239437 0.24218 0.249701 0.258993 0.267289 0.270735 0.268966 0.27298 0.281284 0.299692 0.288188
4.4 0.207089 0.212499 0.219617 0.220453 0.228406 0.247499 0.255529 0.271914 0.274114 0.280722
4.6 0.207825 0.220514 0.213948 0.220793 0.250568 0.244638 0.260201 0.256157
4.8 0.214099 0.206435 0.211898 0.220522 0.222828
s8d4 0.202426 0.207715 0.212822
Average 0.256498 0.25934 0.255826 0.258053 0.265008 0.263554 0.264659 0.271073 0.274904 0.277456 0.27763 0.282818 0.284327
503
Appendix 5.2 Collagen (g/cm3)
Layer 08 Layer 08
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.297198 0.288494 0.279467 0.279194 0.259814 0.251511 0.248784 0.24394 0.244485 0.244555 0.242495 0.239263 0.241726 0.257074
0.280455 0.284781 0.307847 0.28956 0.314123 0.285949 0.286597 0.279309 0.303778 0.296249 0.297986 0.276346 0.280826 0.290948
0.286449 0.288392 0.306965 0.299925 0.3098 0.311921 0.294694 0.297906 0.314415 0.31194 0.301001 0.293765 0.310055 0.300763
0.271304 0.275113 0.266967 0.261177 0.261887 0.256551 0.29287 0.298334 0.326666 0.297525 0.303481 0.289474 0.274649 0.282543
0.291686 0.299319 0.298175 0.298059 0.289174 0.294983 0.291383 0.274782 0.262291 0.263338 0.277912 0.269221 0.292995 0.281321
0.282744 0.285791 0.282711 0.286793 0.292824 0.297835 0.290482 0.285051 0.285817 0.285466 0.280389 0.288605 0.286735 0.295413
0.306004 0.30824 0.306403 0.319986 0.313833 0.325639 0.322789 0.317706 0.314322 0.313882 0.316966 0.321775 0.315182 0.318483
0.350214 0.337692 0.329838 0.327733 0.312604 0.307882 0.312534 0.307071 0.303545 0.3017 0.307319 0.307614 0.307908 0.330841
0.317475 0.326255 0.317388 0.332014 0.324138 0.33856 0.342587 0.319645 0.30853 0.319761 0.32256 0.332018 0.333549 0.345954
0.328212 0.326857 0.326742 0.333926 0.333291 0.34194 0.332229 0.331779 0.317896 0.317312 0.331724 0.316312 0.335573 0.319355
0.301124 0.302045 0.324225 0.311939 0.338458 0.319158 0.318283 0.316583 0.318002 0.324483 0.32715 0.313773 0.316658 0.329449
0.357656 0.343532 0.357488 0.355427 0.337601 0.336405 0.337928 0.340326 0.35523 0.349946 0.342134 0.334656 0.349054 0.355686
0.31338 0.311902 0.303309 0.305867 0.29563 0.286525 0.331645 0.333663 0.368731 0.3397 0.337155 0.333233 0.328518 0.328413
0.299496 0.311498 0.321384 0.303192 0.322514 0.304992 0.318651 0.303404 0.297894 0.302801 0.303601 0.304527 0.320476 0.334358
0.317277 0.31777 0.320636 0.327912 0.330075 0.333117 0.316805 0.324598 0.312684 0.307618 0.320717 0.31385 0.331383 0.311761
0.267494 0.269332 0.259858 0.258011 0.24695 0.246758 0.275251 0.278236 0.324592 0.285586 0.293681 0.273753 0.265884 0.274103
0.275644 0.275205 0.292444 0.28412 0.295826 0.292398 0.292162 0.290231 0.307666 0.30949 0.291866 0.294793 0.306742 0.301273
0.287039 0.297947 0.289698 0.288417 0.281733 0.278312 0.308547 0.309523 0.368949 0.326581 0.340746 0.313701 0.305748 0.316259
0.301686 0.313085 0.312956 0.33005 0.330923 0.336021 0.325751 0.335186 0.329805 0.328671 0.331706 0.337589 0.332483 0.340112
0.31351 0.330362 0.326124 0.320834 0.312415 0.323314 0.325866 0.31985 0.302511 0.308777 0.32288 0.310158 0.336545 0.327064
0.284227 0.287179 0.308004 0.301118 0.309047 0.303081 0.287903 0.303277 0.320538 0.326955 0.311508 0.30568 0.313452 0.309876
0.292513 0.293997 0.313372 0.303733 0.309254 0.301396 0.301278 0.305249 0.330745 0.330356 0.306514 0.306661 0.319091 0.313908
0.285734 0.289711 0.287078 0.277348 0.284331 0.283912 0.279969 0.273923 0.289354 0.280948 0.283367 0.277217 0.28014 0.299431
0.25956 0.260894 0.258186 0.272353 0.256514 0.263299 0.26128 0.260972 0.262499 0.259279 0.262528 0.270799 0.267804 0.27464
0.239091 0.239415 0.244387 0.243599 0.246726 0.249718 0.250291 0.248169 0.247309 0.243924 0.251071 0.240793 0.255989 0.244726
0.229979 0.236882 0.248741 0.249708 0.243054 0.255495 0.258567 0.248813 0.238173 0.244076 0.256749 0.248772 0.269629 0.257265
0.293737 0.296219 0.299631 0.298538 0.298174 0.29718 0.300197 0.297982 0.306016 0.300804 0.302508 0.296706 0.303031 0.305424
504
Appendix 5.2 Collagen (g/cm3)
Layer 08 Layer 08
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.268363 0.235157 0.237701 0.257373 0.256173 0.254426 0.275226 0.245844 0.236192 0.241083 0.234417 0.235343 0.237237 0.243069
0.28808 0.27666 0.286133 0.295567 0.283705 0.279787 0.303674 0.281923 0.277527 0.274239 0.264712 0.264471 0.271919 0.269408
0.30793 0.305743 0.302048 0.292777 0.299668 0.303681 0.319646 0.301519 0.290393 0.291717 0.303939 0.293387 0.293522 0.28849
0.287021 0.301587 0.283232 0.274726 0.24648 0.225093 0.284071 0.246507 0.245399 0.256942 0.233533 0.239601 0.228334 0.240158
0.281038 0.29046 0.266573 0.288874 0.291903 0.272537 0.291285 0.281493 0.285767 0.273684 0.277628 0.283667 0.277921 0.245115
0.288312 0.283415 0.283173 0.280521 0.270259 0.285916 0.278468 0.283931 0.282583 0.274674 0.270711 0.252607 0.262136 0.255538
0.320467 0.322376 0.322499 0.315957 0.309284 0.323175 0.325432 0.325964 0.317916 0.304605 0.318388 0.304009 0.318317 0.307176
0.339956 0.309505 0.311141 0.317224 0.320518 0.32341 0.346704 0.314996 0.303044 0.303164 0.292934 0.299469 0.302173 0.31263
0.337073 0.357949 0.331796 0.334839 0.327601 0.324341 0.329278 0.32706 0.331728 0.314556 0.335709 0.333368 0.324618 0.30718
0.336575 0.342896 0.322356 0.314273 0.328058 0.311569 0.33838 0.332306 0.325753 0.322024 0.334765 0.346671 0.353787 0.314514
0.341805 0.327358 0.339535 0.321867 0.314285 0.322752 0.320416 0.326432 0.319103 0.318616 0.310418 0.321618 0.324296 0.353351
0.353782 0.346101 0.347513 0.339996 0.348636 0.362086 0.371371 0.366786 0.336005 0.334908 0.344418 0.353404 0.34423 0.351652
0.341099 0.359198 0.330851 0.29939 0.274752 0.256714 0.320251 0.282031 0.281444 0.294201 0.271526 0.295474 0.281204 0.269385
0.330297 0.326453 0.322069 0.33315 0.329648 0.322213 0.314898 0.30913 0.318708 0.308497 0.31175 0.316357 0.304511 0.29932
0.320092 0.335384 0.314742 0.321625 0.331935 0.307968 0.340212 0.32781 0.321042 0.322277 0.330338 0.329754 0.342736 0.310955
0.270512 0.287951 0.26659 0.248951 0.235533 0.212367 0.28704 0.234222 0.239015 0.249941 0.228467 0.243006 0.23058 0.224607
0.302523 0.298891 0.302184 0.289642 0.294219 0.311472 0.309553 0.312948 0.305471 0.306217 0.320065 0.310638 0.304887 0.300197
0.314242 0.333203 0.309117 0.290661 0.272717 0.241706 0.330892 0.271563 0.272509 0.28262 0.258282 0.278253 0.264418 0.24638
0.343904 0.363835 0.344971 0.32968 0.330562 0.329871 0.347192 0.339913 0.337818 0.334163 0.349088 0.332097 0.351983 0.343729
0.321655 0.338648 0.313371 0.342547 0.347248 0.318209 0.343766 0.336218 0.347437 0.330715 0.336818 0.349179 0.336206 0.304353
0.314223 0.31727 0.317753 0.300825 0.309076 0.314922 0.338841 0.328946 0.315824 0.322517 0.339561 0.33177 0.328753 0.330186
0.318302 0.31125 0.322695 0.32154 0.320074 0.336356 0.335741 0.33777 0.329852 0.330688 0.337998 0.333891 0.332059 0.325045
0.296027 0.279742 0.276192 0.286479 0.293682 0.283362 0.326129 0.288939 0.29072 0.286634 0.287083 0.281056 0.286552 0.279206
0.269878 0.273753 0.274186 0.280437 0.27542 0.285912 0.291691 0.284429 0.270826 0.263461 0.271186 0.271587 0.279607 0.282459
0.256736 0.262795 0.258098 0.256877 0.260251 0.252162 0.266595 0.268005 0.265457 0.267255 0.272992 0.280829 0.286493 0.248773
0.262674 0.277774 0.255901 0.27379 0.278042 0.254263 0.278371 0.270908 0.278052 0.266949 0.275679 0.275227 0.269029 0.241436
0.308176 0.310206 0.301631 0.300369 0.298066 0.292933 0.315966 0.301061 0.297138 0.295244 0.296631 0.298336 0.297596 0.288243
505
Appendix 5.2 Collagen (g/cm3)
Layer 08 Layer 08
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.254454 0.249989 0.237384 0.227981 0.225331 0.248139 0.241119 0.243103 0.229238 0.226498 0.222895 0.215053 0.218297 0.211514
0.27549 0.270486 0.268184 0.276289 0.274442 0.256728 0.246743 0.263399 0.240922 0.239662 0.23352 0.233516 0.227789 0.213551
0.283257 0.272608 0.262008 0.279409 0.288498 0.270601 0.27447 0.275536 0.260943 0.244276 0.244111 0.231852 0.234002 0.224616
0.240994 0.214929 0.236755 0.276692 0.274104 0.271494 0.264224 0.248061 0.258867 0.279904 0.236659 0.241601 0.244174 0.253995
0.269816 0.251119 0.257768 0.2647 0.270241 0.258766 0.253214 0.272561 0.238476 0.233496 0.233496 0.230708 0.229408 0.223428
0.255524 0.263407 0.271245 0.276466 0.273804 0.267925 0.264531 0.253247 0.245589 0.238557 0.235911 0.233859 0.228586 0.221143
0.303171 0.311175 0.307246 0.30062 0.296558 0.299663 0.302601 0.283135 0.282655 0.278619 0.277398 0.273421 0.263885 0.270692
0.322667 0.324631 0.31042 0.298943 0.301977 0.329425 0.318689 0.309545 0.292816 0.284279 0.285953 0.269098 0.266367 0.263426
0.30379 0.313247 0.322792 0.318834 0.311606 0.306468 0.321621 0.302095 0.290364 0.292287 0.293257 0.284367 0.27797 0.27397
0.347981 0.302372 0.31836 0.318223 0.334271 0.315648 0.302748 0.332527 0.310039 0.290214 0.295764 0.290523 0.277537 0.267649
0.342838 0.331903 0.328515 0.334132 0.326385 0.303143 0.300683 0.301258 0.3118 0.312716 0.298472 0.283715 0.287307 0.27212
0.376412 0.379092 0.330221 0.341354 0.337621 0.337067 0.357922 0.36034 0.325354 0.308393 0.31125 0.299491 0.312376 0.293861
0.269263 0.253287 0.274987 0.310409 0.3114 0.314188 0.303852 0.287213 0.279911 0.303432 0.258819 0.282105 0.26993 0.282344
0.292984 0.306642 0.312079 0.321996 0.303102 0.284809 0.289511 0.289437 0.279274 0.28069 0.278411 0.280292 0.274726 0.271676
0.337996 0.295784 0.301992 0.299965 0.318352 0.29976 0.287535 0.313111 0.287494 0.280917 0.284681 0.274463 0.27004 0.265162
0.237887 0.219161 0.230148 0.261674 0.26558 0.267512 0.256655 0.267779 0.247411 0.273806 0.238188 0.264863 0.256235 0.269079
0.305229 0.301744 0.285821 0.302707 0.294542 0.28459 0.293217 0.293462 0.278649 0.274395 0.270777 0.268275 0.275065 0.266227
0.260417 0.248001 0.265281 0.303466 0.307334 0.306734 0.293946 0.305442 0.281234 0.306615 0.265557 0.291302 0.281276 0.295898
0.333007 0.323271 0.335517 0.332162 0.342155 0.327768 0.332307 0.325041 0.324935 0.30678 0.306862 0.296517 0.290277 0.284888
0.325606 0.299096 0.308543 0.314719 0.319586 0.314164 0.315021 0.336471 0.296492 0.29426 0.29796 0.301329 0.29767 0.295477
0.325804 0.315078 0.302021 0.323506 0.332275 0.314192 0.332279 0.334925 0.328703 0.304603 0.307764 0.293761 0.296843 0.290992
0.330054 0.32532 0.30948 0.331712 0.324354 0.313586 0.324495 0.324091 0.310247 0.300352 0.301944 0.290075 0.300806 0.294724
0.298002 0.285725 0.280085 0.285167 0.292257 0.295841 0.287929 0.307859 0.287011 0.284606 0.288585 0.276737 0.276966 0.264101
0.286577 0.286287 0.274976 0.265043 0.264977 0.280688 0.290987 0.282711 0.268823 0.258719 0.255912 0.24705 0.241376 0.241865
0.276217 0.253029 0.252576 0.250855 0.264119 0.259218 0.250177 0.260445 0.241322 0.238182 0.23004 0.230268 0.23064 0.222466
0.265626 0.245069 0.246894 0.250628 0.256597 0.248661 0.241307 0.260074 0.228311 0.217921 0.218786 0.219946 0.220426 0.210143
0.296964 0.286248 0.285819 0.29491 0.296595 0.291414 0.290299 0.293572 0.277957 0.275161 0.268191 0.265546 0.26346 0.259423
506
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.184143 0.201737 0.193269 0.196693 0.190825 0.243866
0.209609 0.19328 0.194195 0.192662 0.185897 0.263609
0.215795 0.200529 0.215921 0.216954 0.192163 0.2763
0.229683 0.249308 0.215892 0.213598 0.206976 0.259392
0.218068 0.210161 0.200146 0.194469 0.200829 0.263131
0.220948 0.211178 0.214458 0.216225 0.205975 0.264389
0.26685 0.255415 0.256372 0.249999 0.241248 0.296383
0.237476 0.253952 0.245228 0.247731 0.232776 0.299844
0.274989 0.267594 0.258459 0.263388 0.262482 0.308111
0.270668 0.261864 0.263074 0.265858 0.262503 0.311524
0.266032 0.274557 0.252903 0.248472 0.243472 0.306708
0.261971 0.276583 0.267176 0.271452 0.262221 0.331268
0.265292 0.274131 0.25741 0.259058 0.250463 0.296535
0.271201 0.261459 0.255441 0.248492 0.244453 0.294986
0.260548 0.254081 0.260741 0.256815 0.249019 0.300159
0.260438 0.264406 0.241743 0.240814 0.245932 0.256081
0.261009 0.247391 0.255688 0.25797 0.248827 0.283819
0.27588 0.279615 0.254064 0.249265 0.257927 0.28359
0.291768 0.277976 0.29039 0.284524 0.268694 0.312378
0.287965 0.283591 0.279251 0.269258 0.278957 0.306144
0.288222 0.272596 0.303651 0.303667 0.272874 0.300745
0.280717 0.267731 0.2817 0.288021 0.276702 0.302979
0.262167 0.253073 0.247146 0.248352 0.250779 0.275518
0.217443 0.244238 0.225758 0.231727 0.229231 0.260627
0.222961 0.215817 0.208781 0.209623 0.214573 0.2453
0.207214 0.196137 0.192867 0.189565 0.195357 0.24357
0.284729
0.250348 0.248015 0.243528 0.242871 0.237352
507
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 09 Layer 09
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.229712 0.234306 0.235609 0.237884 0.237283 0.235565 0.235625 0.250431 0.249045 0.253476 0.259218
0.2 0.234303 0.23011 0.234825 0.238352 0.25443 0.250267 0.251357 0.250088 0.250384 0.253666 0.261803 0.262948
0.4 0.233894 0.240942 0.243072 0.235647 0.249541 0.254846 0.259666 0.26534 0.25702 0.257168 0.260339 0.277995 0.276138
0.6 0.24404 0.250604 0.243111 0.257479 0.258401 0.245485 0.247715 0.2638 0.264518 0.243753 0.249865 0.246105 0.254309
0.8 0.229744 0.23252 0.246418 0.248659 0.250931 0.255057 0.243367 0.26176 0.26482 0.256142 0.252518 0.26103 0.261782
d5 0.237869 0.235623 0.232279 0.23966 0.247977 0.246929 0.248172 0.245355 0.247929 0.262084 0.262628 0.260384 0.264023
1.2 0.239433 0.244428 0.249037 0.259934 0.256519 0.255969 0.273391 0.261154 0.265807 0.282656 0.279254 0.283591 0.288877
1.4 0.23967 0.24392 0.249421 0.251185 0.258473 0.258632 0.265483 0.266987 0.269056 0.288327 0.290543 0.303127 0.305612
1.6 0.256065 0.263713 0.263733 0.264876 0.269606 0.270375 0.282514 0.28051 0.282997 0.295249 0.297099 0.296889 0.293985
1.8 0.261228 0.262856 0.281939 0.276963 0.285663 0.286267 0.266919 0.294369 0.304186 0.283719 0.285856 0.285085 0.297693
d1 0.272976 0.276315 0.263908 0.266442 0.269512 0.296048 0.284858 0.284346 0.287637 0.282231 0.292833 0.288738 0.297806
2.2 0.273685 0.278317 0.272413 0.276678 0.283842 0.295374 0.291244 0.300536 0.301403 0.296477 0.306571 0.327663 0.320893
2.4 0.275207 0.278123 0.270099 0.283605 0.284303 0.268348 0.271724 0.292715 0.295879 0.282565 0.27735 0.27298 0.282742
2.6 0.247443 0.257643 0.24325 0.246706 0.252639 0.265869 0.266365 0.270838 0.269202 0.268248 0.279381 0.284153 0.280035
2.8 0.228904 0.233478 0.250144 0.254767 0.259085 0.261294 0.252919 0.277324 0.285627 0.271159 0.273668 0.277053 0.281698
d2 0.242354 0.245308 0.238216 0.249875 0.248926 0.235277 0.244228 0.259965 0.256532 0.24017 0.239612 0.240874 0.246739
3.2 0.231915 0.235258 0.235703 0.228661 0.237727 0.249537 0.249597 0.254409 0.249522 0.251867 0.255919 0.278533 0.271183
3.4 0.239052 0.246421 0.239439 0.254342 0.26076 0.242741 0.24758 0.270092 0.273963 0.258874 0.257893 0.256517 0.263975
3.6 0.228006 0.235907 0.234557 0.249249 0.249793 0.246332 0.257444 0.25684 0.262983 0.282915 0.28154 0.279865 0.278928
3.8 0.226814 0.23332 0.246107 0.254353 0.256074 0.260924 0.247122 0.276533 0.281586 0.268559 0.269509 0.277495 0.284761
d3 0.236639 0.239813 0.235396 0.232638 0.241664 0.246044 0.25254 0.258127 0.25576 0.253139 0.255575 0.279903 0.277037
4.2 0.227752 0.23094 0.230317 0.240173 0.251894 0.253208 0.256944 0.257397 0.257929 0.264317 0.282152 0.277062
4.4 0.205906 0.21086 0.217941 0.218107 0.226438 0.231203 0.242612 0.252354 0.261219 0.26786
4.6 0.195571 0.205507 0.206454 0.21019 0.226959 0.223221 0.231676 0.232091
4.8 0.20489 0.195054 0.199116 0.207616 0.214225
s8d4 0.193354 0.205448 0.205274
Average 0.24447 0.247456 0.246773 0.249438 0.254193 0.254128 0.254884 0.26324 0.262633 0.261947 0.261655 0.268514 0.271034
508
Appendix 5.2 Collagen (g/cm3)
Layer 09 Layer 09
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.266132 0.265145 0.257095 0.253087 0.25664 0.248487 0.245987 0.240097 0.24068 0.241199 0.239594 0.23643 0.238116 0.253882
0.265809 0.267709 0.28831 0.275091 0.299639 0.273885 0.282155 0.276781 0.28397 0.284742 0.282249 0.271486 0.275945 0.288265
0.270647 0.272712 0.286939 0.277891 0.287627 0.287394 0.281291 0.279643 0.298475 0.295032 0.285808 0.276955 0.288797 0.286539
0.266636 0.26945 0.261869 0.258171 0.258052 0.252755 0.286988 0.28992 0.320046 0.291163 0.295891 0.283454 0.268735 0.278345
0.276175 0.277818 0.278904 0.278206 0.277923 0.280102 0.274013 0.268778 0.261002 0.254656 0.270112 0.257808 0.269297 0.260869
0.268837 0.2732 0.266555 0.269979 0.276573 0.282389 0.275253 0.274046 0.272609 0.269794 0.270643 0.275979 0.270489 0.282793
0.290953 0.29466 0.288892 0.301227 0.296417 0.308752 0.305867 0.30544 0.299796 0.29665 0.305948 0.307698 0.297324 0.304878
0.313605 0.310362 0.303434 0.297087 0.308785 0.304179 0.30902 0.302232 0.298821 0.29756 0.303642 0.303971 0.30331 0.326734
0.300593 0.302819 0.296875 0.3099 0.311527 0.321481 0.322164 0.31266 0.307015 0.309218 0.313507 0.317942 0.306571 0.320802
0.310106 0.309086 0.305427 0.309394 0.309437 0.315052 0.317119 0.31144 0.30178 0.300113 0.31498 0.298213 0.312565 0.304251
0.295943 0.295828 0.318034 0.308349 0.333502 0.314436 0.31189 0.307654 0.311558 0.317546 0.318967 0.307247 0.30984 0.324554
0.320269 0.31573 0.328871 0.322191 0.333476 0.33236 0.334128 0.334963 0.349701 0.345143 0.338041 0.330694 0.343841 0.35127
0.297966 0.298161 0.285975 0.287936 0.279223 0.271666 0.314258 0.320781 0.351691 0.321051 0.325436 0.318654 0.309905 0.314384
0.28357 0.289122 0.300613 0.282997 0.309966 0.289606 0.299655 0.296775 0.296431 0.292818 0.29508 0.291617 0.294555 0.31005
0.299775 0.300494 0.299719 0.303822 0.306451 0.306923 0.302396 0.304699 0.296832 0.290945 0.304529 0.295892 0.308663 0.297016
0.253525 0.253187 0.243367 0.245118 0.235563 0.236348 0.270985 0.275718 0.303427 0.274493 0.278171 0.268938 0.261262 0.271576
0.262086 0.26308 0.275731 0.267463 0.279409 0.277235 0.276845 0.279026 0.293448 0.292499 0.28172 0.281896 0.289363 0.288403
0.27205 0.280086 0.271313 0.274005 0.268742 0.26657 0.303764 0.306721 0.344892 0.313896 0.32275 0.308184 0.300433 0.313343
0.285044 0.296064 0.292539 0.305803 0.307238 0.309599 0.310936 0.314638 0.313085 0.310857 0.314963 0.318272 0.309687 0.324026
0.296839 0.306631 0.305046 0.299464 0.30026 0.307004 0.306441 0.312861 0.301025 0.298597 0.313818 0.29701 0.309324 0.303286
0.268547 0.271566 0.28791 0.278996 0.286928 0.279249 0.274809 0.284685 0.304288 0.309233 0.295784 0.288189 0.29196 0.29522
0.278126 0.281045 0.295463 0.285926 0.292092 0.285766 0.285484 0.293464 0.31546 0.312219 0.29586 0.293244 0.301012 0.300499
0.270812 0.272344 0.268859 0.26349 0.27122 0.271935 0.275629 0.271444 0.270486 0.270036 0.268401 0.272341 0.275271 0.296671
0.232428 0.23978 0.237517 0.246886 0.253379 0.260133 0.258342 0.25686 0.258413 0.255721 0.259387 0.267592 0.263805 0.271231
0.227332 0.228867 0.230421 0.229318 0.233034 0.236769 0.23717 0.238588 0.23588 0.230532 0.242344 0.230258 0.241485 0.234272
0.21775 0.219866 0.232664 0.233076 0.233598 0.242606 0.243153 0.243376 0.237004 0.236029 0.249543 0.238225 0.24782 0.238561
0.276598 0.279031 0.28109 0.279418 0.284873 0.28318 0.288682 0.288588 0.294916 0.288913 0.291814 0.286084 0.288053 0.293912
509
Appendix 5.2 Collagen (g/cm3)
Layer 09 Layer 09
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.262659 0.234414 0.236704 0.247546 0.244616 0.239711 0.258198 0.233014 0.232969 0.238874 0.234149 0.230157 0.234933 0.228015
0.286627 0.273475 0.285972 0.292199 0.279174 0.279149 0.282214 0.276925 0.273945 0.273752 0.263875 0.263996 0.268731 0.269227
0.288947 0.279557 0.28495 0.281114 0.284001 0.291456 0.296945 0.285846 0.278133 0.276648 0.281024 0.277322 0.271213 0.26502
0.282909 0.297938 0.274499 0.265146 0.239999 0.219458 0.277529 0.24019 0.240281 0.25195 0.229338 0.235904 0.225025 0.220376
0.264936 0.265794 0.257627 0.264705 0.268536 0.257881 0.277417 0.270311 0.265115 0.262778 0.260005 0.266326 0.269106 0.240487
0.274522 0.271342 0.271118 0.270918 0.26139 0.269768 0.266503 0.26805 0.26776 0.261929 0.256861 0.240877 0.246386 0.245565
0.305139 0.308644 0.30877 0.30514 0.299135 0.304923 0.311449 0.307732 0.30124 0.290471 0.302099 0.289893 0.299192 0.295187
0.33273 0.308528 0.309836 0.305112 0.306058 0.304706 0.325253 0.298557 0.298909 0.300385 0.292598 0.292871 0.299238 0.293267
0.317761 0.327552 0.320662 0.306825 0.301377 0.306899 0.313601 0.314068 0.307754 0.302022 0.314399 0.312989 0.314322 0.301379
0.315826 0.313527 0.304108 0.301754 0.310906 0.299027 0.314348 0.315032 0.312 0.305389 0.309526 0.327688 0.326897 0.288928
0.336908 0.323397 0.329066 0.310643 0.306021 0.314672 0.313038 0.318067 0.312449 0.312425 0.304842 0.316655 0.319596 0.324245
0.346262 0.345008 0.346056 0.327014 0.332907 0.341145 0.348393 0.347645 0.33142 0.331838 0.344023 0.345617 0.340887 0.329873
0.324784 0.343898 0.316766 0.289141 0.265736 0.242215 0.30649 0.266256 0.266681 0.280549 0.257634 0.281754 0.264309 0.258871
0.311373 0.298731 0.311261 0.305276 0.30326 0.304886 0.299905 0.296851 0.295675 0.296204 0.29196 0.297018 0.294852 0.293668
0.300359 0.306659 0.296925 0.308812 0.314581 0.295571 0.31605 0.31077 0.307489 0.305629 0.305432 0.311697 0.316686 0.285658
0.269148 0.284636 0.26644 0.246114 0.231771 0.211883 0.266755 0.230069 0.23593 0.249498 0.227745 0.24257 0.227877 0.224456
0.288053 0.28616 0.28932 0.279727 0.284563 0.293881 0.296252 0.295443 0.289448 0.292008 0.30369 0.296214 0.286569 0.288481
0.312658 0.329367 0.308943 0.287349 0.268362 0.241154 0.307509 0.266748 0.268991 0.282119 0.257465 0.277753 0.261317 0.246215
0.322704 0.332673 0.325443 0.316547 0.313279 0.316592 0.322535 0.322244 0.323556 0.316902 0.322769 0.313912 0.32523 0.315766
0.303226 0.30989 0.302856 0.313888 0.319451 0.301098 0.327399 0.322863 0.322328 0.317536 0.315437 0.327834 0.325542 0.298606
0.294852 0.290097 0.299766 0.288841 0.292916 0.302245 0.314777 0.311846 0.302491 0.305857 0.31396 0.313604 0.303766 0.303325
0.303077 0.297992 0.308957 0.310533 0.30957 0.317359 0.321315 0.318877 0.312551 0.315343 0.320706 0.318387 0.312108 0.312359
0.294534 0.276522 0.276037 0.283214 0.288992 0.282716 0.303082 0.283816 0.286967 0.286126 0.286175 0.280552 0.283192 0.279019
0.264142 0.272888 0.273036 0.269729 0.262995 0.269377 0.273644 0.269585 0.26713 0.261047 0.270876 0.265603 0.276891 0.264964
0.244456 0.251601 0.247111 0.248083 0.25171 0.23792 0.25514 0.253014 0.251533 0.254854 0.259025 0.267789 0.26928 0.239064
0.247625 0.254186 0.247313 0.250883 0.255785 0.240589 0.265118 0.260147 0.257957 0.256312 0.25818 0.258403 0.260496 0.236877
0.296008 0.295557 0.29229 0.287548 0.284504 0.280242 0.298495 0.287845 0.285027 0.285709 0.283992 0.286669 0.285525 0.274958
510
Appendix 5.2 Collagen (g/cm3)
Layer 09 Layer 09
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.2322 0.227554 0.225403 0.225712 0.221354 0.226923 0.220044 0.221005 0.219066 0.218729 0.21255 0.209837 0.213741 0.207157
0.262699 0.266504 0.268109 0.275158 0.269196 0.249547 0.242502 0.239579 0.23401 0.228832 0.219204 0.223998 0.218587 0.209256
0.26486 0.266143 0.244264 0.260832 0.264017 0.250873 0.259707 0.254413 0.239143 0.229919 0.227873 0.221164 0.22889 0.218864
0.224669 0.212416 0.233926 0.272424 0.270243 0.268452 0.258904 0.243679 0.241341 0.255204 0.216167 0.239135 0.236316 0.249117
0.267204 0.248285 0.245703 0.247998 0.263873 0.249787 0.238724 0.256156 0.233417 0.22832 0.227212 0.223848 0.222371 0.216366
0.245678 0.256667 0.258197 0.265106 0.264163 0.255313 0.254204 0.244566 0.237906 0.229979 0.228309 0.226763 0.222731 0.215268
0.291489 0.303213 0.292467 0.288267 0.286116 0.285557 0.290788 0.27343 0.273812 0.2686 0.26846 0.265125 0.257126 0.263501
0.294447 0.295496 0.294753 0.295967 0.296646 0.30126 0.290833 0.281408 0.279823 0.274529 0.272681 0.26257 0.260808 0.258
0.300849 0.309711 0.307683 0.298717 0.304262 0.295834 0.303217 0.283913 0.284204 0.285807 0.285365 0.275911 0.269444 0.265311
0.325379 0.295201 0.2968 0.297066 0.305905 0.292635 0.286463 0.307034 0.284138 0.273158 0.27609 0.277131 0.271474 0.260795
0.319615 0.328022 0.324589 0.328978 0.321789 0.299747 0.29463 0.295936 0.290689 0.28512 0.272629 0.280819 0.278061 0.266894
0.343492 0.34507 0.313554 0.337957 0.331661 0.308249 0.326637 0.327586 0.310917 0.297816 0.296804 0.292226 0.305857 0.287808
0.258888 0.246806 0.261759 0.297655 0.300436 0.299398 0.29199 0.277368 0.271154 0.292521 0.250479 0.273545 0.263015 0.274844
0.290148 0.30318 0.297471 0.301679 0.295958 0.274927 0.272945 0.272017 0.273349 0.274467 0.270919 0.271958 0.2663 0.263089
0.316043 0.28877 0.28154 0.280022 0.291337 0.277906 0.272068 0.289107 0.263476 0.264408 0.265744 0.261811 0.264141 0.258371
0.226842 0.215935 0.230084 0.260602 0.260504 0.26003 0.252243 0.243563 0.240313 0.261433 0.223586 0.254067 0.245884 0.263667
0.293467 0.294023 0.272072 0.290269 0.284171 0.271193 0.28177 0.283403 0.269932 0.264528 0.262051 0.260134 0.268019 0.259155
0.248326 0.24435 0.265207 0.302223 0.301459 0.298155 0.288894 0.277819 0.273165 0.29276 0.249277 0.279429 0.269914 0.289947
0.311378 0.315605 0.312795 0.310078 0.31312 0.303872 0.314433 0.300122 0.29779 0.28875 0.286449 0.282848 0.283936 0.277592
0.322454 0.29572 0.2941 0.294861 0.312054 0.303264 0.296995 0.31622 0.290202 0.287736 0.289942 0.292369 0.28854 0.286137
0.304644 0.307606 0.281567 0.301997 0.304078 0.291286 0.314406 0.309248 0.301243 0.286701 0.287291 0.280219 0.290358 0.28354
0.317336 0.316997 0.294593 0.318082 0.312933 0.298825 0.311827 0.312982 0.300541 0.289551 0.292215 0.281273 0.293101 0.286895
0.284166 0.281519 0.280007 0.283999 0.28667 0.287566 0.282979 0.280019 0.278776 0.271745 0.270894 0.265458 0.265778 0.258789
0.261514 0.260594 0.261098 0.262405 0.260299 0.25669 0.265553 0.257013 0.256895 0.249845 0.244035 0.241058 0.236339 0.236884
0.265574 0.246555 0.240426 0.240547 0.254819 0.247016 0.24041 0.251517 0.233772 0.229617 0.222627 0.223281 0.224732 0.216556
0.263055 0.242303 0.235337 0.234814 0.250549 0.240033 0.227499 0.244421 0.223468 0.21309 0.212898 0.213406 0.213665 0.203501
0.28217 0.277471 0.273596 0.283593 0.285677 0.276705 0.276179 0.274751 0.265482 0.263199 0.255067 0.256899 0.25612 0.252973
511
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.198218 0.190523 0.191169 0.189465 0.184171 0.233302
0.202359 0.191479 0.19351 0.191763 0.178027 0.256308
0.208357 0.196167 0.200356 0.19943 0.184563 0.260823
0.225485 0.229409 0.210463 0.210043 0.199565 0.252469
0.211994 0.206509 0.197247 0.191464 0.191956 0.251831
0.215499 0.206575 0.208965 0.208449 0.197255 0.252911
0.260269 0.249848 0.249805 0.241009 0.231035 0.283558
0.255627 0.239835 0.242564 0.238628 0.22466 0.286696
0.267329 0.262943 0.254715 0.259318 0.250885 0.294962
0.261339 0.256167 0.24411 0.244385 0.252122 0.294068
0.26117 0.252643 0.246543 0.244336 0.234754 0.298466
0.281994 0.261208 0.264273 0.261478 0.253078 0.316859
0.258749 0.268155 0.250816 0.249742 0.239859 0.28375
0.263647 0.256915 0.251741 0.244653 0.233652 0.282409
0.251567 0.248554 0.241945 0.236072 0.239171 0.283327
0.251429 0.261943 0.24089 0.239689 0.235521 0.249048
0.254572 0.241998 0.249139 0.248693 0.238293 0.271579
0.266337 0.27701 0.253168 0.248101 0.247008 0.275782
0.281712 0.271929 0.269457 0.261542 0.258068 0.294812
0.279944 0.278662 0.275206 0.265097 0.266632 0.293081
0.278288 0.266666 0.281762 0.27914 0.262082 0.283868
0.273793 0.261896 0.274484 0.277664 0.264988 0.289913
0.253099 0.250716 0.246274 0.247193 0.240162 0.267723
0.234063 0.230661 0.223306 0.223213 0.221238 0.249777
0.217462 0.211113 0.203434 0.202085 0.205489 0.234707
0.201443 0.192728 0.190074 0.186636 0.186726 0.232857
0.272694
0.24676 0.240856 0.236747 0.234203 0.227729
512
Appendix 5.2 Collagen (g/cm3)
collagen (g/cm3)
Layer 10 Layer 10
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.226497 0.229619 0.232727 0.235164 0.235423 0.23392 0.232549 0.235363 0.230639 0.234676 0.239222
0.2 0.224016 0.230454 0.232425 0.23648 0.239596 0.241869 0.245539 0.246101 0.247202 0.249544 0.258321 0.259939
0.4 0.219755 0.22564 0.23178 0.230778 0.236117 0.237084 0.242574 0.247523 0.245586 0.250411 0.251438 0.253234 0.257916
0.6 0.223854 0.229055 0.231 0.237577 0.238282 0.242447 0.242867 0.247149 0.251619 0.247603 0.257461 0.257476 0.263243
0.8 0.226833 0.230541 0.232905 0.236084 0.237596 0.239684 0.241861 0.242253 0.243399 0.248103 0.24593 0.251967 0.251718
d5 0.230515 0.230152 0.229959 0.233339 0.240728 0.2439 0.239607 0.24358 0.244464 0.249818 0.253835 0.255804 0.259583
1.2 0.232032 0.238754 0.246549 0.253078 0.249021 0.252828 0.263956 0.259264 0.262092 0.269427 0.269905 0.278604 0.284018
1.4 0.23482 0.241375 0.245931 0.246161 0.255312 0.255675 0.263402 0.265122 0.265544 0.270978 0.26907 0.280645 0.282036
1.6 0.248149 0.257591 0.261098 0.257889 0.261725 0.267058 0.272764 0.27848 0.279042 0.281432 0.287152 0.291668 0.28904
1.8 0.257918 0.260619 0.266479 0.262956 0.270483 0.269012 0.265268 0.272432 0.279581 0.274815 0.278398 0.275187 0.286248
d1 0.260214 0.264184 0.264303 0.26372 0.267395 0.278788 0.275299 0.277764 0.283051 0.278644 0.288075 0.284898 0.294399
2.2 0.25714 0.260641 0.259758 0.270961 0.268573 0.274787 0.272073 0.280355 0.287995 0.288687 0.29609 0.298478 0.299717
2.4 0.252443 0.254207 0.256644 0.261683 0.262167 0.265027 0.266407 0.274238 0.281451 0.287027 0.285781 0.285593 0.292675
2.6 0.235874 0.246332 0.243614 0.244186 0.250655 0.250368 0.257426 0.264568 0.26491 0.264839 0.274842 0.280374 0.276831
2.8 0.226004 0.231491 0.236427 0.241883 0.245317 0.245544 0.251354 0.256657 0.262523 0.262649 0.266528 0.267434 0.270868
d2 0.222307 0.224214 0.226349 0.23056 0.229545 0.232365 0.239448 0.243555 0.244023 0.243963 0.246896 0.252003 0.255407
3.2 0.217895 0.220317 0.224753 0.223936 0.224939 0.232145 0.233168 0.237326 0.238422 0.245249 0.24717 0.253724 0.253288
3.4 0.219279 0.225231 0.227511 0.234683 0.240457 0.239737 0.242735 0.253043 0.260604 0.262962 0.265732 0.268369 0.273248
3.6 0.220957 0.23043 0.232213 0.242675 0.242491 0.243309 0.24856 0.254982 0.259308 0.269674 0.272114 0.274943 0.274237
3.8 0.223941 0.231334 0.232611 0.24149 0.242466 0.245196 0.245593 0.255924 0.258809 0.260131 0.262478 0.267861 0.273813
d3 0.222334 0.224582 0.22446 0.227831 0.228663 0.228895 0.235917 0.240795 0.244383 0.246487 0.246838 0.254971 0.258756
4.2 0.213287 0.220211 0.225558 0.227253 0.234337 0.236541 0.239691 0.245946 0.251152 0.255281 0.257021 0.258779
4.4 0.201787 0.208281 0.215449 0.216398 0.224857 0.228185 0.228014 0.233703 0.241844 0.247197
4.6 0.193172 0.198415 0.204961 0.207252 0.216338 0.215747 0.227601 0.228187
4.8 0.188317 0.188932 0.193921 0.200407 0.205989
s8d4 0.18831 0.198315 0.197382
Average 0.233277 0.236381 0.238705 0.240472 0.243334 0.244232 0.247038 0.251832 0.252206 0.254796 0.255111 0.25967 0.262836
513
Appendix 5.2 Collagen (g/cm3)
Layer 10 Layer 10
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.246106 0.244537 0.246528 0.24708 0.24842 0.244563 0.2431 0.236032 0.236698 0.238294 0.237378 0.233625 0.235148 0.231963
0.263051 0.263993 0.269131 0.27226 0.275744 0.270384 0.27596 0.268637 0.275643 0.276138 0.271074 0.266352 0.270547 0.271549
0.262065 0.26815 0.269812 0.26812 0.270652 0.276339 0.273965 0.267474 0.271597 0.269484 0.271187 0.266326 0.270987 0.268228
0.266632 0.27382 0.276635 0.271629 0.282042 0.283025 0.280972 0.274252 0.275629 0.277948 0.277886 0.277345 0.275073 0.277778
0.25523 0.256693 0.258667 0.261155 0.261533 0.263467 0.261571 0.251943 0.252895 0.253763 0.255257 0.255375 0.255499 0.25747
0.263003 0.262998 0.261235 0.261616 0.26762 0.270596 0.266605 0.261233 0.263856 0.261097 0.262222 0.263527 0.265763 0.269977
0.284639 0.283657 0.283127 0.291896 0.286821 0.295857 0.296257 0.29116 0.29017 0.287087 0.296429 0.293815 0.29213 0.291062
0.290008 0.28624 0.290962 0.290035 0.298895 0.299376 0.305394 0.297116 0.293876 0.293976 0.300833 0.300365 0.299529 0.298525
0.294071 0.291511 0.290951 0.300299 0.301441 0.308055 0.312043 0.298042 0.297157 0.29925 0.303751 0.303597 0.301215 0.306264
0.286588 0.285584 0.283266 0.290432 0.291188 0.296341 0.302721 0.291933 0.292406 0.299061 0.297658 0.295398 0.29655 0.300287
0.292873 0.291722 0.296878 0.305175 0.306906 0.310416 0.305042 0.298601 0.302422 0.307951 0.306339 0.301437 0.303779 0.305733
0.310114 0.310448 0.30924 0.310862 0.313795 0.319575 0.325427 0.320388 0.31821 0.315256 0.320748 0.318002 0.322637 0.328822
0.297962 0.302996 0.302101 0.302945 0.305182 0.304201 0.307671 0.303445 0.302882 0.306479 0.305634 0.311787 0.317213 0.313744
0.280627 0.285109 0.280616 0.280084 0.285248 0.285903 0.293076 0.288041 0.287738 0.28397 0.283397 0.286102 0.288793 0.29207
0.27704 0.277644 0.277972 0.285202 0.288378 0.288695 0.288666 0.285614 0.287612 0.289925 0.287782 0.293099 0.292847 0.293146
0.253522 0.257293 0.257089 0.257896 0.257462 0.264653 0.265305 0.260817 0.261317 0.262035 0.261245 0.263143 0.267424 0.271023
0.253776 0.25868 0.259272 0.258059 0.26292 0.26657 0.269636 0.266885 0.267023 0.26717 0.267308 0.271077 0.271518 0.269973
0.272046 0.284628 0.286612 0.288289 0.293726 0.298495 0.297397 0.290145 0.297027 0.299649 0.303111 0.301543 0.307519 0.312706
0.278858 0.285008 0.286702 0.296329 0.297292 0.296669 0.301167 0.299927 0.303033 0.300836 0.305163 0.303912 0.304277 0.309341
0.274327 0.283315 0.282913 0.281111 0.282552 0.288771 0.292527 0.293265 0.291674 0.29755 0.29656 0.294206 0.293475 0.299335
0.260032 0.267023 0.270725 0.269186 0.269995 0.268508 0.267653 0.272297 0.276886 0.282455 0.280653 0.277128 0.273955 0.276355
0.269306 0.276344 0.277827 0.275873 0.274854 0.274774 0.278049 0.280694 0.287053 0.285183 0.280724 0.28199 0.282449 0.281295
0.250435 0.251177 0.257808 0.257236 0.262534 0.267641 0.272395 0.266848 0.266011 0.266784 0.265918 0.269111 0.27184 0.271057
0.227385 0.230826 0.232778 0.239237 0.245176 0.249269 0.250226 0.244851 0.250116 0.247477 0.251316 0.255519 0.259196 0.258939
0.210091 0.211465 0.213702 0.215264 0.219291 0.222707 0.226401 0.223644 0.228553 0.229724 0.229016 0.228085 0.229112 0.231219
0.201236 0.203147 0.215783 0.218791 0.219822 0.228198 0.232113 0.228132 0.229642 0.235202 0.23582 0.235977 0.235122 0.235453
0.266193 0.269 0.270705 0.272925 0.27575 0.278579 0.280436 0.275439 0.277197 0.278221 0.279016 0.278763 0.280138 0.281666
514
Appendix 5.2 Collagen (g/cm3)
Layer 10 Layer 10
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.240521 0.231624 0.234157 0.244819 0.237998 0.237035 0.236428 0.2309 0.230294 0.236004 0.231335 0.227568 0.227777 0.225457
0.271451 0.26908 0.274137 0.27647 0.269334 0.268213 0.272523 0.266522 0.262809 0.263183 0.259124 0.257524 0.259755 0.253683
0.275001 0.270506 0.270646 0.274148 0.273593 0.271736 0.271449 0.263602 0.263306 0.260138 0.256199 0.255421 0.256356 0.247801
0.281868 0.279813 0.276897 0.285883 0.278678 0.278915 0.279512 0.280601 0.277235 0.274753 0.270293 0.260274 0.26606 0.261547
0.257537 0.255158 0.256842 0.253525 0.251078 0.254441 0.253521 0.252366 0.250179 0.250239 0.246484 0.245019 0.245424 0.239135
0.267914 0.259124 0.26264 0.267665 0.258286 0.260151 0.254194 0.258087 0.258481 0.258151 0.244834 0.235239 0.235444 0.237984
0.297795 0.294746 0.299115 0.301476 0.295582 0.294052 0.297063 0.296294 0.2908 0.286282 0.287954 0.283107 0.285904 0.286074
0.304686 0.304855 0.306502 0.30175 0.297778 0.301304 0.297829 0.295848 0.295477 0.296776 0.289082 0.289576 0.290123 0.289977
0.310113 0.312802 0.310635 0.30314 0.297798 0.295959 0.299116 0.302396 0.297088 0.297665 0.299678 0.305662 0.300362 0.292076
0.307006 0.30098 0.303182 0.289009 0.290694 0.295038 0.287271 0.294118 0.294423 0.290817 0.29343 0.301472 0.29813 0.287304
0.31907 0.318199 0.315447 0.293921 0.295235 0.302344 0.302288 0.306118 0.299748 0.300362 0.299354 0.308893 0.308921 0.305524
0.329549 0.333839 0.328684 0.31891 0.320707 0.318064 0.31848 0.320592 0.313752 0.312035 0.313632 0.318323 0.322213 0.30844
0.323589 0.322977 0.319534 0.311755 0.308562 0.307838 0.30868 0.311052 0.307695 0.305941 0.303642 0.310862 0.312509 0.307233
0.294887 0.293929 0.298379 0.288843 0.29257 0.292941 0.289607 0.285699 0.283656 0.284767 0.286704 0.289737 0.285003 0.276713
0.291971 0.294387 0.296021 0.295769 0.29413 0.291628 0.288826 0.290139 0.290166 0.291045 0.289549 0.286761 0.288817 0.284053
0.268158 0.26732 0.268769 0.265363 0.269124 0.269288 0.268661 0.268777 0.272214 0.27208 0.268415 0.267629 0.269432 0.266389
0.274149 0.276895 0.274796 0.272795 0.274135 0.273997 0.270815 0.272453 0.274017 0.274581 0.276862 0.272821 0.270871 0.269737
0.311507 0.309331 0.311643 0.309822 0.311611 0.30649 0.309706 0.311627 0.31036 0.307652 0.303443 0.306447 0.308971 0.292213
0.314937 0.317693 0.315267 0.312746 0.309559 0.305306 0.307638 0.310267 0.312343 0.312331 0.307656 0.306564 0.310786 0.306018
0.294758 0.297489 0.301933 0.30063 0.298683 0.297081 0.299197 0.301429 0.304169 0.302384 0.299034 0.301606 0.296894 0.296928
0.28062 0.280705 0.284718 0.281684 0.282182 0.281795 0.287749 0.28758 0.286365 0.287604 0.286225 0.288838 0.287125 0.283617
0.288449 0.288345 0.293447 0.302838 0.298226 0.295887 0.293726 0.294063 0.295888 0.296524 0.292374 0.293243 0.295011 0.292064
0.26971 0.27323 0.273067 0.280094 0.281174 0.279559 0.277528 0.281241 0.283672 0.282688 0.282737 0.277395 0.274566 0.275889
0.257784 0.2606 0.264498 0.26649 0.259871 0.259774 0.261005 0.259566 0.257873 0.257281 0.258192 0.259385 0.264594 0.256785
0.237629 0.241532 0.246358 0.237605 0.235346 0.234746 0.233162 0.236218 0.237362 0.242692 0.245555 0.246366 0.245583 0.23772
0.24071 0.244014 0.24656 0.240287 0.239156 0.23738 0.242281 0.242877 0.243425 0.244081 0.244754 0.23773 0.237572 0.235546
0.285053 0.284584 0.285918 0.283748 0.28158 0.281191 0.281087 0.281555 0.280492 0.28031 0.278328 0.27821 0.278623 0.273689
515
Appendix 5.2 Collagen (g/cm3)
Layer 10 Layer 10
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.229668 0.22467 0.222349 0.222894 0.218664 0.220638 0.215145 0.218513 0.215098 0.214063 0.208942 0.207684 0.210314 0.203373
0.255759 0.249738 0.249259 0.252723 0.250603 0.24662 0.238725 0.23314 0.228566 0.224648 0.218994 0.217846 0.212517 0.207116
0.247022 0.243776 0.241531 0.241584 0.245033 0.24474 0.240967 0.235507 0.227493 0.222906 0.219461 0.216035 0.212428 0.205728
0.266185 0.260902 0.266588 0.272727 0.267208 0.267546 0.263613 0.25579 0.253322 0.244687 0.241926 0.238365 0.236847 0.23006
0.243183 0.244457 0.24488 0.247815 0.2495 0.244823 0.236342 0.235222 0.230716 0.226123 0.224141 0.219099 0.215551 0.211982
0.242062 0.247644 0.253009 0.259805 0.255759 0.251395 0.245032 0.243301 0.23479 0.224526 0.223332 0.221387 0.217025 0.207527
0.287199 0.292554 0.28659 0.282503 0.277014 0.281176 0.280296 0.272015 0.270226 0.262231 0.262608 0.258839 0.250539 0.254025
0.291236 0.291752 0.290759 0.292272 0.293042 0.292916 0.284359 0.278235 0.274755 0.268673 0.268053 0.259877 0.256627 0.253286
0.296421 0.298823 0.3015 0.292744 0.294582 0.291295 0.292277 0.282445 0.280482 0.279031 0.279145 0.269369 0.262543 0.25577
0.296129 0.290651 0.295806 0.296846 0.289243 0.286819 0.283605 0.281943 0.28085 0.27053 0.272359 0.271252 0.263148 0.255511
0.311171 0.307385 0.301768 0.302155 0.299564 0.296232 0.29004 0.287982 0.283926 0.279907 0.272367 0.273108 0.270339 0.264165
0.320358 0.31607 0.310046 0.313017 0.307814 0.300713 0.303067 0.303242 0.29577 0.288731 0.285848 0.285448 0.283859 0.270534
0.306727 0.303143 0.298308 0.297986 0.297061 0.298387 0.297301 0.291153 0.284616 0.280466 0.280325 0.272663 0.263606 0.253819
0.282482 0.284107 0.276556 0.277082 0.275517 0.271703 0.268693 0.264706 0.26699 0.269449 0.270659 0.26449 0.258904 0.260399
0.287632 0.284318 0.280598 0.279815 0.275468 0.272383 0.269354 0.265481 0.260427 0.261864 0.262152 0.256256 0.256039 0.253137
0.268759 0.265225 0.26221 0.260891 0.257578 0.259152 0.256831 0.255668 0.252244 0.250659 0.250228 0.253249 0.246436 0.243497
0.273703 0.269314 0.269027 0.268849 0.263739 0.264564 0.261438 0.262342 0.256781 0.256459 0.252378 0.2541 0.248743 0.2436
0.294213 0.300126 0.302238 0.302559 0.298073 0.297149 0.294148 0.291627 0.286727 0.280695 0.278981 0.278529 0.27052 0.267767
0.306795 0.30451 0.30651 0.303878 0.303159 0.299209 0.303088 0.29857 0.293889 0.281904 0.280206 0.276142 0.276663 0.26761
0.293467 0.291161 0.293115 0.294643 0.295057 0.297237 0.294032 0.290377 0.286844 0.284968 0.286023 0.286166 0.27969 0.28034
0.284127 0.281755 0.278417 0.279712 0.282215 0.284165 0.291719 0.286267 0.286566 0.277956 0.276686 0.27372 0.269475 0.266522
0.295964 0.290356 0.291297 0.294609 0.290433 0.29152 0.289326 0.289723 0.285899 0.280719 0.281428 0.274749 0.27202 0.269675
0.281067 0.277951 0.276213 0.280453 0.283187 0.279602 0.276679 0.276861 0.273727 0.265949 0.266295 0.262735 0.261517 0.254061
0.257664 0.251433 0.255852 0.257158 0.252018 0.252752 0.255971 0.255683 0.25353 0.243922 0.238715 0.235342 0.230285 0.228365
0.2417 0.242754 0.239621 0.24037 0.240939 0.242106 0.238011 0.230963 0.231067 0.227408 0.219618 0.218544 0.217839 0.212169
0.239407 0.238568 0.234549 0.234641 0.236902 0.235262 0.225229 0.224446 0.220882 0.21104 0.210021 0.208879 0.207112 0.199379
0.276927 0.275121 0.274177 0.27499 0.273053 0.271927 0.26905 0.265816 0.262161 0.256904 0.255034 0.252072 0.248099 0.243055
516
Appendix 5.2 Collagen (g/cm3)
Average
56 57 58 59 60
0.194143 0.188152 0.186226 0.185756 0.182189 0.227167
0.198223 0.186804 0.187962 0.187572 0.175935 0.24828
0.198375 0.192964 0.188802 0.187041 0.17865 0.246736
0.220543 0.214849 0.211055 0.209517 0.197614 0.258533
0.207699 0.202523 0.196124 0.190752 0.185625 0.241615
0.208151 0.200112 0.202231 0.201148 0.190377 0.245724
0.251395 0.242031 0.241755 0.232566 0.222979 0.275474
0.250373 0.236851 0.236291 0.233957 0.222242 0.279305
0.258215 0.254717 0.246508 0.250235 0.242137 0.286558
0.256045 0.251223 0.24272 0.243476 0.243806 0.282227
0.255832 0.246475 0.239475 0.238997 0.231995 0.289072
0.268484 0.256944 0.249034 0.245234 0.244971 0.299753
0.253077 0.251137 0.251522 0.249115 0.237515 0.290656
0.258258 0.250643 0.244524 0.239307 0.230907 0.273573
0.246471 0.243756 0.240568 0.235194 0.231283 0.271896
0.245918 0.245319 0.241568 0.239088 0.233219 0.255004
0.242376 0.238047 0.234772 0.233244 0.230659 0.256921
0.260499 0.25943 0.25388 0.247479 0.244594 0.282776
0.272107 0.263422 0.260774 0.252381 0.24907 0.28639
0.274273 0.273283 0.273639 0.264111 0.257838 0.281362
0.264955 0.262312 0.265515 0.261799 0.253686 0.268536
0.260676 0.25762 0.258656 0.260415 0.256498 0.27429
0.247897 0.247596 0.239905 0.242353 0.237578 0.260819
0.226083 0.223445 0.21611 0.215394 0.213524 0.242562
0.213057 0.207038 0.202275 0.201333 0.198712 0.22537
0.197362 0.189008 0.188991 0.185942 0.180567 0.22366
0.264996
0.239634 0.234066 0.230803 0.228208 0.222084
517
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Surface Surface
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.6202 0.62103 0.642469 0.624003 0.643126 0.629286 0.604766 0.649799 0.692302 0.76077 0.771419
0.2 0.607786 0.579035 0.586263 0.596663 0.597819 0.571641 0.584265 0.627205 0.639371 0.657965 0.638061 0.647918
0.4 0.576992 0.582864 0.601465 0.623506 0.667096 0.632031 0.645705 0.655651 0.696411 0.644547 0.645601 0.753966 0.745322
0.6 0.644995 0.635675 0.609463 0.73201 0.677179 0.655115 0.655999 0.714292 0.664967 0.587582 0.608176 0.633154 0.643773
0.8 0.563087 0.592912 0.575985 0.61047 0.601513 0.623301 0.605945 0.652204 0.662652 0.64752 0.646857 0.619342 0.671803
d5 0.604423 0.656981 0.600445 0.586096 0.694564 0.628742 0.653419 0.643154 0.633145 0.723128 0.755234 0.743132 0.715295
1.2 0.642958 0.658116 0.670516 0.67396 0.64418 0.620192 0.711656 0.640172 0.652065 0.756374 0.747003 0.755649 0.767361
1.4 0.606601 0.64958 0.684011 0.636995 0.704814 0.694469 0.703555 0.705023 0.716178 0.860641 0.906894 0.908928 0.894282
1.6 0.622824 0.723873 0.678347 0.691435 0.748588 0.673681 0.740435 0.684772 0.73554 0.686943 0.711677 0.755682 0.717338
1.8 0.616745 0.640711 0.636116 0.752465 0.665304 0.64248 0.59922 0.660161 0.74255 0.673849 0.640516 0.618608 0.680635
d1 0.659022 0.765934 0.667346 0.668031 0.651849 0.680913 0.794279 0.723109 0.735834 0.756863 0.774714 0.745927 0.752684
2.2 0.796329 0.752105 0.70941 0.653949 0.704014 0.733378 0.86437 0.814023 0.788995 0.811261 0.785998 0.881835 0.827655
2.4 0.665089 0.774599 0.696473 0.817055 0.802024 0.718507 0.688098 0.781755 0.787125 0.831201 0.802761 0.753154 0.790133
2.6 0.669456 0.650952 0.67092 0.731623 0.740804 0.686456 0.70504 0.702619 0.793178 0.626323 0.682646 0.745889 0.761251
2.8 0.583396 0.675347 0.647796 0.661342 0.736165 0.714745 0.680268 0.730348 0.776491 0.676433 0.764264 0.788533 0.785551
d2 0.617303 0.597473 0.562053 0.642638 0.623154 0.567687 0.626286 0.693646 0.699005 0.565901 0.589122 0.572054 0.597441
3.2 0.569843 0.651758 0.578062 0.57615 0.671536 0.602509 0.640821 0.643326 0.633494 0.707164 0.780195 0.775841 0.685832
3.4 0.504261 0.559349 0.601367 0.664078 0.603096 0.590366 0.588543 0.66029 0.708429 0.65582 0.68735 0.697771 0.710844
3.6 0.586959 0.618667 0.601866 0.684308 0.704968 0.671677 0.67176 0.672158 0.690406 0.713655 0.69918 0.716024 0.749754
3.8 0.547066 0.605845 0.635647 0.60774 0.604594 0.593446 0.62857 0.651951 0.68412 0.662984 0.657681 0.715097 0.713267
d3 0.562389 0.593997 0.579164 0.609508 0.622307 0.637027 0.595385 0.607982 0.657766 0.737158 0.671604 0.733544 0.728964
4.2 0.546838 0.560301 0.619261 0.654727 0.629864 0.633937 0.705051 0.746413 0.654539 0.701419 0.777983 0.738418
4.4 0.502072 0.526745 0.529262 0.624312 0.602696 0.662382 0.665516 0.711044 0.711722 0.711265
4.6 0.52374 0.544466 0.514849 0.548264 0.57499 0.601497 0.653395 0.634407
4.8 0.543954 0.492595 0.520519 0.550514 0.553189
s8d4 0.496184 0.533372 0.535476
Average 0.612618 0.644827 0.625727 0.650086 0.664711 0.636309 0.659035 0.669699 0.687653 0.680086 0.689939 0.713075 0.712742
518
Appendix 5.3 Water (g/cm3)
Surface Surface
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.680614 0.684059 0.720401 0.723027 0.702451 0.673298 0.59484 0.621561 0.613971 0.631196 0.663914 0.658733 0.632921 0.624783
0.65241 0.674646 0.722907 0.673916 0.730763 0.643911 0.658383 0.724903 0.668575 0.676082 0.630697 0.639354 0.642113 0.630373
0.67665 0.677909 0.735606 0.690323 0.77603 0.795361 0.707055 0.697884 0.749653 0.794598 0.76211 0.678979 0.776799 0.769474
0.676738 0.65975 0.661107 0.691913 0.69809 0.720064 0.783078 0.76573 0.846134 0.725206 0.805444 0.763237 0.726482 0.759241
0.701197 0.742383 0.713221 0.726725 0.665844 0.653162 0.652085 0.650181 0.624866 0.586619 0.627972 0.635874 0.686252 0.674428
0.733836 0.778844 0.765631 0.713472 0.727807 0.742596 0.748362 0.732361 0.717563 0.706403 0.712182 0.750204 0.705265 0.713763
0.753438 0.740072 0.723035 0.736159 0.771258 0.77475 0.76346 0.816523 0.809958 0.808139 0.797967 0.799385 0.799195 0.763082
0.915689 0.88842 0.895682 0.846308 0.752057 0.777007 0.802515 0.744876 0.743516 0.757647 0.748059 0.768422 0.759297 0.777077
0.693864 0.789834 0.812716 0.87054 0.859515 0.87798 0.740158 0.737122 0.711064 0.797846 0.841778 0.843098 0.833007 0.822139
0.706517 0.695408 0.708292 0.706523 0.711744 0.777772 0.786742 0.76002 0.760025 0.786278 0.758018 0.774074 0.779153 0.791114
0.76578 0.779901 0.814023 0.780752 0.78065 0.761133 0.745311 0.766392 0.85683 0.832017 0.80442 0.736201 0.831394 0.78774
0.841837 0.759047 0.769837 0.777742 0.813488 0.883284 0.91346 0.879014 0.896508 0.872412 0.798734 0.785511 0.90491 0.964772
0.858672 0.847725 0.796226 0.812948 0.760721 0.71907 0.879248 0.83205 0.956774 0.836057 0.878476 0.876006 0.88083 0.81882
0.717905 0.78264 0.833453 0.783791 0.849298 0.842206 0.805196 0.754136 0.750663 0.801362 0.799478 0.816607 0.879509 0.884838
0.797039 0.784861 0.75159 0.793112 0.830351 0.838868 0.77527 0.775925 0.786986 0.777458 0.802133 0.780397 0.885395 0.823676
0.6414 0.612237 0.59485 0.621594 0.582304 0.60685 0.681814 0.627693 0.782467 0.704966 0.728776 0.699635 0.6808 0.723011
0.707824 0.710143 0.782631 0.718882 0.727656 0.726954 0.746191 0.65162 0.715595 0.781779 0.769731 0.759228 0.729345 0.723399
0.626942 0.680654 0.692544 0.699807 0.664597 0.736718 0.675743 0.688381 0.838817 0.750977 0.784929 0.781889 0.765598 0.749291
0.695961 0.79104 0.788487 0.836203 0.842345 0.90374 0.841919 0.868555 0.813888 0.824502 0.856204 0.87937 0.856225 0.921137
0.723388 0.728942 0.720749 0.712287 0.696011 0.732304 0.780554 0.757657 0.726894 0.770175 0.774134 0.702066 0.856535 0.846562
0.674165 0.677048 0.735851 0.716566 0.735862 0.757956 0.684995 0.702619 0.727069 0.742811 0.74159 0.715722 0.736763 0.752468
0.761379 0.761901 0.764341 0.762881 0.771674 0.723827 0.713732 0.715545 0.786999 0.784076 0.709293 0.738714 0.784686 0.790051
0.770167 0.734515 0.742193 0.731156 0.721554 0.767594 0.713926 0.713698 0.760889 0.695223 0.708407 0.685969 0.758234 0.796459
0.578091 0.607393 0.610261 0.638412 0.624415 0.629503 0.650814 0.606391 0.62233 0.648716 0.683429 0.666252 0.685919 0.680846
0.5793 0.532132 0.554791 0.561625 0.569531 0.611875 0.604856 0.607909 0.62128 0.625773 0.591339 0.567426 0.639274 0.610561
0.540829 0.557858 0.563324 0.571085 0.612738 0.654489 0.653916 0.615194 0.578144 0.637985 0.60985 0.59308 0.698367 0.652094
0.710447 0.718437 0.72976 0.726836 0.729952 0.743549 0.734755 0.723613 0.748748 0.744473 0.745733 0.73444 0.765933 0.763508
519
Appendix 5.3 Water (g/cm3)
Surface
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.632049 0.615759 0.554102 0.600988 0.644136 0.641616 0.635051 0.578995 0.555033 0.582692 0.610308 0.587993 0.560996 0.602665
0.591933 0.561958 0.608684 0.646411 0.620746 0.625159 0.631288 0.580626 0.577205 0.556311 0.550905 0.548349 0.548549 0.572617
0.833356 0.746056 0.735026 0.736611 0.719624 0.715763 0.760528 0.673285 0.685689 0.684947 0.748447 0.751263 0.709175 0.715058
0.759617 0.776325 0.701193 0.672375 0.609544 0.534652 0.729329 0.595114 0.603066 0.644609 0.612764 0.650158 0.633263 0.66194
0.653162 0.714741 0.597039 0.688211 0.704601 0.653597 0.722444 0.689901 0.645531 0.627488 0.644246 0.707756 0.642674 0.537277
0.705611 0.661293 0.671138 0.734208 0.733259 0.681854 0.67687 0.722542 0.72545 0.667188 0.669304 0.654676 0.663791 0.671387
0.773783 0.791903 0.770062 0.763461 0.705296 0.768729 0.737556 0.75425 0.714194 0.711364 0.71756 0.742511 0.794628 0.723909
0.811841 0.785835 0.769977 0.80669 0.849693 0.820378 0.868716 0.808974 0.78778 0.727482 0.73967 0.795095 0.774685 0.776519
0.812947 0.843382 0.778846 0.848056 0.834781 0.808235 0.758413 0.814719 0.77859 0.772095 0.860485 0.826514 0.79784 0.762247
0.76733 0.812703 0.687013 0.708844 0.754772 0.699827 0.723821 0.652061 0.694856 0.733317 0.76215 0.79126 0.802921 0.711096
0.778499 0.83158 0.855852 0.782375 0.82203 0.789056 0.72803 0.818599 0.757527 0.744256 0.757378 0.875371 0.749892 0.719234
0.921416 0.812201 0.893319 0.850491 0.836167 0.860705 0.8589 0.899688 0.802805 0.77531 0.840782 0.857005 0.806769 0.812071
0.855329 0.958735 0.831857 0.751518 0.737443 0.664385 0.793985 0.716195 0.731767 0.773503 0.671346 0.834779 0.699609 0.66743
0.835958 0.855545 0.796812 0.894295 0.874397 0.82739 0.851965 0.770606 0.807888 0.742539 0.836642 0.879722 0.822316 0.792925
0.854837 0.889545 0.798013 0.854462 0.843819 0.794105 0.76643 0.840579 0.751429 0.761737 0.790019 0.755149 0.829248 0.762083
0.678857 0.709903 0.647561 0.615362 0.54251 0.527045 0.657184 0.562994 0.56042 0.608437 0.597937 0.617235 0.596615 0.549074
0.720932 0.713469 0.720047 0.735068 0.708795 0.767666 0.688918 0.777801 0.734263 0.718474 0.735739 0.729645 0.76254 0.74264
0.73951 0.828459 0.690015 0.684109 0.670108 0.588556 0.73547 0.625432 0.660607 0.68245 0.650882 0.729999 0.609649 0.617293
0.90874 0.94632 0.812544 0.79601 0.81127 0.733416 0.892513 0.824711 0.833794 0.840528 0.901244 0.882886 0.948631 0.862464
0.768143 0.855289 0.716487 0.757581 0.752463 0.697158 0.75049 0.750978 0.769024 0.752835 0.84669 0.861575 0.7644 0.66739
0.750714 0.796812 0.734737 0.68935 0.725472 0.710349 0.807133 0.743185 0.730695 0.739648 0.748326 0.818803 0.805557 0.793229
0.803173 0.810669 0.780426 0.82605 0.828921 0.846956 0.785152 0.872928 0.763444 0.761217 0.779888 0.815538 0.832371 0.708606
0.712887 0.672047 0.75034 0.740064 0.786445 0.764125 0.853871 0.732228 0.721399 0.661143 0.765552 0.757414 0.72897 0.710167
0.652321 0.682899 0.600026 0.631782 0.673143 0.684474 0.662956 0.640433 0.634897 0.652472 0.706186 0.654115 0.670021 0.729746
0.634349 0.70489 0.638991 0.625713 0.633625 0.620429 0.656072 0.642437 0.647814 0.648363 0.659414 0.720816 0.714091 0.58389
0.688991 0.659044 0.618595 0.70083 0.671615 0.625861 0.658564 0.613436 0.627377 0.598285 0.65072 0.63162 0.623672 0.590049
0.755626 0.770668 0.721488 0.736189 0.734411 0.709673 0.745833 0.719335 0.703944 0.698796 0.725176 0.749125 0.726649 0.693962
520
Appendix 5.3 Water (g/cm3)
Surface Surface
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.603404 0.56478 0.528283 0.493725 0.48481 0.520327 0.513754 0.529402 0.455048 0.45574 0.440014 0.413446 0.4167 0.435903
0.571441 0.55162 0.549625 0.553049 0.49859 0.51806 0.473748 0.489285 0.453931 0.447944 0.447034 0.470629 0.425891 0.356754
0.682056 0.585374 0.580248 0.651312 0.691977 0.627951 0.656884 0.619834 0.588189 0.534913 0.540514 0.542504 0.508703 0.521513
0.676397 0.540652 0.591864 0.688399 0.65967 0.676011 0.659086 0.623113 0.679179 0.70619 0.622814 0.642816 0.593321 0.573481
0.600096 0.54603 0.546218 0.574801 0.601215 0.591193 0.560693 0.606563 0.526427 0.552509 0.59047 0.558802 0.560022 0.571521
0.613956 0.659587 0.663504 0.674539 0.661104 0.691931 0.644448 0.597677 0.59199 0.545703 0.548525 0.503261 0.548591 0.503699
0.754947 0.762412 0.734748 0.712053 0.663836 0.724952 0.667179 0.673969 0.645109 0.570284 0.646743 0.629035 0.576764 0.553087
0.776701 0.821168 0.804216 0.781336 0.732155 0.826003 0.818451 0.785739 0.71215 0.696243 0.744862 0.630799 0.668379 0.650955
0.728375 0.743887 0.810873 0.804076 0.779252 0.693472 0.736173 0.722958 0.687627 0.702393 0.688985 0.680723 0.659786 0.731868
0.754238 0.646708 0.717571 0.746429 0.799021 0.733412 0.696156 0.699609 0.678883 0.602577 0.657977 0.683233 0.583471 0.563986
0.915947 0.775526 0.725467 0.789084 0.815868 0.708844 0.711464 0.743896 0.812629 0.767827 0.741656 0.739125 0.657347 0.604163
0.966005 0.883737 0.764362 0.814846 0.782148 0.750332 0.819156 0.786147 0.741094 0.689078 0.701835 0.667561 0.767651 0.655819
0.71233 0.62168 0.656454 0.680241 0.7177 0.813788 0.708456 0.724557 0.744127 0.78881 0.72874 0.736081 0.695679 0.669801
0.753123 0.791517 0.797792 0.853906 0.81106 0.745076 0.769562 0.761478 0.699932 0.708575 0.73758 0.755101 0.70837 0.740328
0.834801 0.756545 0.715194 0.740022 0.776136 0.748199 0.717046 0.763583 0.664199 0.700367 0.726463 0.718618 0.667103 0.717947
0.584193 0.506345 0.58231 0.661327 0.611514 0.625162 0.601561 0.635488 0.605821 0.619282 0.586386 0.607565 0.604401 0.621396
0.727241 0.695585 0.723746 0.731593 0.683055 0.660247 0.662175 0.673239 0.712805 0.684719 0.664635 0.649245 0.657426 0.669416
0.65814 0.563448 0.667204 0.775679 0.749931 0.695102 0.695132 0.724487 0.634492 0.647498 0.598987 0.636943 0.6358 0.705829
0.850626 0.779182 0.811706 0.852129 0.905977 0.889268 0.897944 0.819702 0.852537 0.794097 0.801896 0.822598 0.704417 0.705978
0.791263 0.734874 0.734832 0.744651 0.700786 0.750439 0.772841 0.812612 0.628797 0.587914 0.704434 0.6748 0.672271 0.639739
0.799723 0.731944 0.722049 0.757196 0.76759 0.793201 0.768179 0.744834 0.823436 0.749731 0.807649 0.765454 0.705154 0.693209
0.769238 0.743246 0.734692 0.84741 0.811337 0.748134 0.739438 0.803209 0.752057 0.735425 0.797878 0.746777 0.758082 0.773078
0.812389 0.775853 0.717121 0.746882 0.740479 0.72938 0.721325 0.75157 0.736433 0.735436 0.734407 0.683783 0.737982 0.658441
0.715242 0.691966 0.641557 0.636366 0.65716 0.723619 0.757432 0.718014 0.59938 0.603462 0.622785 0.639351 0.565518 0.560443
0.694151 0.623043 0.603899 0.671532 0.653005 0.65993 0.655699 0.650269 0.570574 0.55409 0.589588 0.580456 0.5387 0.50827
0.626844 0.607007 0.576683 0.604828 0.615952 0.586273 0.586468 0.631878 0.482928 0.488765 0.52951 0.583712 0.55908 0.534901
0.729726 0.680912 0.680855 0.7149 0.706589 0.701166 0.69271 0.695889 0.656914 0.641137 0.653937 0.644708 0.622177 0.612366
521
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.396611 0.411024 0.379706 0.34806 0.32043 0.579284
0.335527 0.340049 0.350435 0.342299 0.335991 0.566706
0.485822 0.436044 0.481833 0.444487 0.406097 0.659345
0.564972 0.58825 0.504457 0.517752 0.507953 0.659082
0.5246 0.510177 0.494794 0.466588 0.448948 0.617912
0.463097 0.471967 0.552308 0.508121 0.480152 0.65748
0.526229 0.571721 0.554664 0.534437 0.564277 0.705538
0.5879 0.631419 0.627939 0.610195 0.56298 0.757358
0.672187 0.648722 0.627818 0.606207 0.586435 0.750179
0.569468 0.576196 0.624359 0.546139 0.626949 0.69799
0.610311 0.639802 0.598887 0.569408 0.593816 0.749163
0.60467 0.653956 0.58346 0.596641 0.64785 0.794798
0.630076 0.616059 0.614782 0.670299 0.581127 0.757671
0.681923 0.664225 0.675555 0.644058 0.612501 0.766148
0.679028 0.659863 0.612459 0.59917 0.638057 0.7525
0.639199 0.654601 0.551077 0.562227 0.625406 0.619976
0.637753 0.64888 0.685018 0.60593 0.616252 0.696874
0.686057 0.692799 0.686984 0.594217 0.630001 0.675995
0.708429 0.677765 0.745459 0.698574 0.639525 0.790897
0.621565 0.617718 0.604678 0.592006 0.634856 0.709464
0.669551 0.60322 0.719101 0.716584 0.617403 0.716458
0.728691 0.712968 0.679217 0.691504 0.687402 0.745983
0.665033 0.652757 0.579428 0.628589 0.616553 0.7075
0.524863 0.581844 0.562007 0.529089 0.557911 0.630761
0.517933 0.511517 0.501056 0.454503 0.52147 0.598635
0.488692 0.496932 0.45086 0.431189 0.475417 0.588411
0.691965
0.585392 0.587326 0.578782 0.55801 0.559068
522
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 02 Layer 02
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.663868 0.680066 0.680007 0.672635 0.698209 0.664082 0.646796 0.694362 0.750904 0.819418 0.83383
0.2 0.651305 0.618386 0.635787 0.630248 0.648224 0.620502 0.617006 0.670842 0.683127 0.714576 0.68805 0.70099
0.4 0.624773 0.641877 0.659008 0.657533 0.694441 0.692292 0.702175 0.700283 0.725356 0.688555 0.70464 0.812787 0.776176
0.6 0.690716 0.694133 0.668287 0.776498 0.732628 0.693195 0.684608 0.74272 0.690167 0.639109 0.67027 0.686942 0.700936
0.8 0.60237 0.618644 0.624502 0.639495 0.661745 0.658698 0.648409 0.668338 0.669044 0.696134 0.693408 0.674056 0.701222
d5 0.651772 0.688575 0.66648 0.655755 0.725124 0.709837 0.728818 0.701252 0.696896 0.784601 0.786453 0.776526 0.783222
1.2 0.678931 0.695769 0.694568 0.699805 0.660772 0.640554 0.738914 0.670541 0.688724 0.824681 0.762503 0.789569 0.783762
1.4 0.652139 0.678187 0.755425 0.716519 0.733833 0.779567 0.7826 0.764577 0.783528 0.927843 0.938073 0.945363 0.975065
1.6 0.6803 0.777234 0.730732 0.754691 0.796465 0.731651 0.806594 0.727907 0.792002 0.741094 0.778478 0.819004 0.780442
1.8 0.66984 0.700276 0.693688 0.792064 0.695184 0.7028 0.652217 0.706313 0.770087 0.727854 0.706875 0.667746 0.710488
d1 0.703174 0.803375 0.722197 0.701246 0.712293 0.722698 0.847031 0.738255 0.745636 0.806283 0.822348 0.809798 0.785331
2.2 0.857653 0.825298 0.776176 0.690108 0.760711 0.780024 0.902803 0.845594 0.815365 0.877623 0.861723 0.952725 0.893818
2.4 0.707022 0.812093 0.763185 0.866628 0.885828 0.761437 0.738988 0.807181 0.806622 0.891175 0.85924 0.825708 0.835121
2.6 0.724406 0.715875 0.729995 0.771302 0.767873 0.752161 0.764085 0.747184 0.824344 0.669082 0.743676 0.801443 0.791936
2.8 0.6201 0.710174 0.66836 0.683347 0.755229 0.737421 0.709086 0.76698 0.814266 0.742936 0.78802 0.824722 0.80319
d2 0.662425 0.653649 0.61858 0.686279 0.677241 0.604175 0.656808 0.725847 0.728997 0.61748 0.651189 0.623781 0.654171
3.2 0.616704 0.68649 0.641911 0.641689 0.703465 0.682865 0.717341 0.705042 0.697947 0.765296 0.813096 0.814534 0.752154
3.4 0.548448 0.600485 0.650214 0.729238 0.64654 0.64194 0.643499 0.707228 0.767567 0.70783 0.754458 0.761307 0.780602
3.6 0.635157 0.680281 0.660321 0.724955 0.734865 0.734064 0.729211 0.716572 0.721209 0.766229 0.76546 0.772107 0.782699
3.8 0.590799 0.659458 0.691217 0.639017 0.653111 0.628919 0.656285 0.676774 0.701984 0.723253 0.727743 0.77156 0.769259
d3 0.608693 0.653872 0.634511 0.642827 0.648617 0.697055 0.647625 0.649512 0.685437 0.786642 0.732791 0.791077 0.759063
4.2 0.57541 0.610548 0.649506 0.719602 0.666774 0.678305 0.720628 0.755589 0.697836 0.745759 0.847703 0.770849
4.4 0.534331 0.565962 0.557105 0.647742 0.620105 0.678665 0.717654 0.775616 0.763941 0.76409
4.6 0.539592 0.5651 0.538713 0.578231 0.626954 0.613412 0.681805 0.647364
4.8 0.563305 0.530527 0.572146 0.59234 0.575305
s8d4 0.510244 0.55728 0.546856
Average 0.659233 0.691546 0.679189 0.694291 0.706165 0.68482 0.706956 0.70536 0.720744 0.733366 0.740119 0.76428 0.756075
523
Appendix 5.3 Water (g/cm3)
Layer 02 Layer 02
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.73813 0.7241 0.77711 0.771687 0.759692 0.718464 0.649298 0.634907 0.649868 0.668405 0.720441 0.720316 0.673329 0.663233
0.707535 0.714564 0.779395 0.71507 0.787522 0.686143 0.714309 0.733908 0.700864 0.708718 0.68377 0.695073 0.682325 0.669283
0.712494 0.723375 0.800192 0.755616 0.842885 0.827348 0.759378 0.744146 0.789993 0.839648 0.829408 0.741425 0.839419 0.794602
0.70191 0.725883 0.728759 0.721932 0.746679 0.739526 0.818707 0.809765 0.908982 0.783587 0.871568 0.831562 0.775036 0.785638
0.711945 0.754633 0.728322 0.741187 0.68526 0.720738 0.708457 0.669436 0.641941 0.631337 0.68008 0.693704 0.743407 0.739712
0.779768 0.816325 0.797289 0.789078 0.817074 0.809655 0.777513 0.821267 0.777008 0.747998 0.762709 0.815686 0.787803 0.791765
0.793062 0.779442 0.78594 0.78468 0.820544 0.801664 0.810223 0.878188 0.833743 0.848478 0.832637 0.844225 0.823781 0.805337
0.967877 0.926927 0.938971 0.940008 0.850941 0.851035 0.837888 0.83878 0.810536 0.808225 0.805135 0.84273 0.846258 0.859531
0.75813 0.842271 0.871853 0.926008 0.92357 0.933583 0.805239 0.752474 0.75042 0.840903 0.911119 0.916109 0.889201 0.876582
0.743803 0.743752 0.769574 0.772097 0.771906 0.808367 0.842675 0.806914 0.800245 0.825665 0.820081 0.845679 0.843767 0.826728
0.776845 0.792735 0.839114 0.797366 0.812294 0.842429 0.808688 0.792269 0.876985 0.895922 0.876316 0.803054 0.898568 0.855779
0.878774 0.830455 0.846013 0.814916 0.864495 0.904185 0.961592 0.935771 0.965718 0.945039 0.867975 0.856485 0.969531 0.993094
0.869762 0.869817 0.822088 0.831815 0.794952 0.801687 0.952887 0.856961 0.985039 0.906475 0.95761 0.957973 0.950625 0.89907
0.752799 0.832742 0.90988 0.854231 0.92761 0.876063 0.860116 0.801986 0.78703 0.841936 0.869667 0.890417 0.948795 0.912225
0.838927 0.8269 0.819036 0.846271 0.88166 0.86922 0.824579 0.833296 0.813222 0.814732 0.836281 0.828691 0.913247 0.878016
0.667527 0.676231 0.658358 0.651109 0.627257 0.629614 0.715191 0.665597 0.84258 0.76325 0.790973 0.76462 0.727295 0.752079
0.755263 0.746855 0.820882 0.797769 0.817112 0.797917 0.781523 0.732897 0.779686 0.833011 0.829478 0.829452 0.814647 0.803573
0.680868 0.731548 0.751003 0.745748 0.722106 0.791739 0.733502 0.698954 0.885239 0.793704 0.852458 0.853887 0.813164 0.804738
0.734121 0.845474 0.854581 0.912766 0.91521 0.93634 0.900078 0.922983 0.854797 0.868462 0.927961 0.956418 0.926224 0.951215
0.75382 0.797566 0.789435 0.744188 0.737621 0.747699 0.81948 0.80282 0.781158 0.827189 0.834104 0.765246 0.917598 0.878509
0.709154 0.722119 0.800297 0.783903 0.799374 0.788693 0.735803 0.748961 0.766422 0.785953 0.807422 0.781263 0.796508 0.777338
0.773483 0.774418 0.782754 0.779995 0.795186 0.801848 0.777962 0.740197 0.808952 0.84982 0.773619 0.805614 0.849345 0.85999
0.797038 0.799304 0.815734 0.764438 0.769998 0.782108 0.749922 0.759231 0.818181 0.752356 0.766543 0.748717 0.809601 0.814837
0.608701 0.639275 0.663236 0.680016 0.664185 0.651363 0.690156 0.652459 0.641225 0.681143 0.71277 0.703539 0.70688 0.718159
0.607459 0.567646 0.601994 0.613199 0.61724 0.634515 0.64698 0.644301 0.65213 0.65608 0.639321 0.619354 0.691258 0.63625
0.568772 0.586982 0.613308 0.608873 0.650045 0.676618 0.693662 0.660027 0.596438 0.667452 0.634898 0.628682 0.718594 0.692839
0.745691 0.761205 0.783274 0.774768 0.784708 0.785714 0.783685 0.766865 0.789169 0.79175 0.803629 0.797689 0.821393 0.809235
524
Appendix 5.3 Water (g/cm3)
Layer 02 Layer 02
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.683057 0.660769 0.589586 0.637624 0.683623 0.674239 0.688193 0.615802 0.583485 0.618964 0.636688 0.623629 0.605296 0.640468
0.639746 0.601748 0.646737 0.685982 0.654202 0.654038 0.683725 0.621975 0.610764 0.596579 0.57384 0.581615 0.588691 0.608409
0.866453 0.772022 0.766194 0.761456 0.749086 0.772749 0.787596 0.713827 0.72045 0.743315 0.785395 0.768006 0.730236 0.755878
0.825384 0.839519 0.743365 0.727234 0.649927 0.592133 0.779059 0.649377 0.648065 0.703193 0.634569 0.668409 0.693216 0.685406
0.716705 0.745931 0.648354 0.747905 0.733891 0.671166 0.731198 0.70089 0.681206 0.660241 0.702912 0.683723 0.637073 0.601195
0.759652 0.728518 0.751125 0.779429 0.797979 0.765463 0.754134 0.755347 0.756985 0.725959 0.737921 0.693076 0.729531 0.712437
0.805086 0.81567 0.804011 0.78408 0.737268 0.792395 0.767342 0.789718 0.740153 0.745391 0.746165 0.769507 0.839201 0.737659
0.872394 0.866187 0.860663 0.855327 0.928288 0.922161 0.965552 0.846683 0.824003 0.790205 0.815526 0.839902 0.855004 0.823952
0.881549 0.90538 0.830613 0.901981 0.884375 0.850303 0.825237 0.867013 0.81899 0.82386 0.899445 0.879564 0.858011 0.813373
0.810579 0.844283 0.7162 0.733725 0.79777 0.750686 0.748307 0.695556 0.733027 0.792736 0.805868 0.813961 0.829725 0.757346
0.845815 0.862522 0.927677 0.849153 0.849798 0.81329 0.73914 0.838355 0.803975 0.788839 0.821659 0.844553 0.745614 0.800807
0.992845 0.886727 0.953048 0.9223 0.887659 0.947515 0.91727 0.973267 0.870962 0.8513 0.867303 0.879989 0.878797 0.842281
0.939717 0.995107 0.903352 0.818545 0.766528 0.695985 0.815261 0.737329 0.767716 0.817041 0.735015 0.814041 0.704947 0.744066
0.870745 0.879002 0.826737 0.919267 0.910631 0.887927 0.875863 0.823703 0.851349 0.805147 0.876357 0.898017 0.847758 0.838174
0.897951 0.923733 0.835037 0.879121 0.888575 0.816222 0.798494 0.883276 0.785837 0.801389 0.826054 0.787149 0.878085 0.780339
0.741458 0.769402 0.688721 0.666918 0.580711 0.585463 0.705901 0.616669 0.603477 0.665643 0.62275 0.638711 0.655366 0.572229
0.776184 0.793192 0.811127 0.78505 0.769322 0.864762 0.772413 0.815203 0.773841 0.789828 0.811772 0.774328 0.838452 0.788499
0.809166 0.888718 0.735533 0.729487 0.709755 0.625833 0.805583 0.6727 0.692804 0.730653 0.684465 0.779714 0.661037 0.658326
0.948048 0.972247 0.844126 0.820388 0.848343 0.790366 0.919515 0.873468 0.870405 0.904483 0.946017 0.903275 0.976548 0.9135
0.837106 0.931448 0.761234 0.819363 0.809253 0.761772 0.797477 0.814935 0.833279 0.820618 0.875343 0.884444 0.833487 0.696804
0.78159 0.823896 0.766388 0.713334 0.755118 0.767096 0.835545 0.787287 0.767283 0.802203 0.785816 0.836937 0.829219 0.838454
0.872402 0.845776 0.850964 0.89939 0.853833 0.874416 0.799705 0.882888 0.804768 0.804549 0.84773 0.786902 0.822456 0.789709
0.767086 0.727064 0.793556 0.796835 0.838319 0.838385 0.90231 0.790809 0.77607 0.716725 0.786632 0.772476 0.795757 0.734738
0.678833 0.703104 0.62721 0.648956 0.702509 0.70485 0.689233 0.670453 0.657662 0.683302 0.733448 0.677911 0.708038 0.741538
0.66686 0.727853 0.662489 0.644494 0.666737 0.664549 0.675536 0.681822 0.679391 0.698852 0.694589 0.737438 0.734934 0.620211
0.721021 0.68298 0.646036 0.71884 0.704679 0.641853 0.68392 0.644075 0.652926 0.628068 0.67835 0.65617 0.659736 0.603103
0.807978 0.815108 0.768849 0.778699 0.775315 0.758677 0.787058 0.760093 0.742649 0.750349 0.766601 0.768979 0.766778 0.734573
525
Appendix 5.3 Water (g/cm3)
Layer 02 Layer 02
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.642654 0.61711 0.557632 0.528542 0.537674 0.557592 0.554829 0.574222 0.485073 0.479287 0.473761 0.442999 0.458146 0.47509
0.606434 0.59715 0.578867 0.586049 0.547748 0.552873 0.50849 0.529924 0.482481 0.468866 0.478487 0.500764 0.465872 0.38849
0.709518 0.63127 0.624336 0.683323 0.710286 0.63966 0.675499 0.677582 0.599054 0.560522 0.56695 0.553116 0.554079 0.545757
0.686411 0.57647 0.629244 0.734843 0.718571 0.72222 0.698765 0.681673 0.746578 0.766415 0.6617 0.680694 0.627439 0.620052
0.642614 0.638413 0.620744 0.654518 0.645405 0.615115 0.605357 0.641914 0.550834 0.562123 0.589183 0.572612 0.611056 0.623029
0.67269 0.710408 0.706044 0.746781 0.727453 0.730748 0.700999 0.658275 0.634791 0.581428 0.589002 0.549575 0.593247 0.541193
0.781625 0.794436 0.77382 0.742728 0.686228 0.737358 0.688988 0.691065 0.698443 0.618292 0.695658 0.670468 0.61149 0.579009
0.855239 0.890638 0.858563 0.872409 0.811318 0.87589 0.894316 0.866663 0.763584 0.741412 0.799824 0.690219 0.721812 0.700133
0.773912 0.807759 0.853662 0.852927 0.858369 0.741708 0.792733 0.784314 0.734782 0.739758 0.742041 0.728514 0.727243 0.796871
0.7864 0.698659 0.775446 0.791591 0.82321 0.746015 0.720144 0.764175 0.691708 0.633529 0.693822 0.700196 0.641108 0.596658
0.97914 0.902898 0.821886 0.892334 0.872425 0.739843 0.765817 0.788078 0.84725 0.776282 0.733242 0.751479 0.710452 0.654943
0.979185 0.942618 0.810133 0.870944 0.849734 0.805969 0.87003 0.859166 0.813473 0.747294 0.747559 0.706972 0.809233 0.707588
0.764211 0.723271 0.74543 0.767379 0.773798 0.847007 0.764744 0.772087 0.78532 0.806275 0.728022 0.75482 0.758243 0.728789
0.784187 0.849737 0.858073 0.896597 0.831383 0.757691 0.790367 0.83067 0.711464 0.73873 0.768306 0.767556 0.768524 0.77529
0.866651 0.79155 0.758088 0.778289 0.802588 0.760211 0.741531 0.782577 0.718298 0.75914 0.786842 0.768889 0.710646 0.755434
0.597053 0.541261 0.620949 0.707087 0.66769 0.668927 0.63993 0.696324 0.6688 0.676543 0.627561 0.647443 0.642739 0.673768
0.798532 0.75139 0.771639 0.809345 0.751886 0.700378 0.721621 0.743545 0.765497 0.730011 0.71685 0.70793 0.70992 0.718575
0.700491 0.611985 0.705895 0.820587 0.828233 0.740678 0.747502 0.787893 0.68175 0.687214 0.64909 0.684448 0.702185 0.771064
0.884114 0.838935 0.872659 0.895496 0.930756 0.904288 0.924568 0.895189 0.868472 0.832677 0.840675 0.841146 0.771113 0.742383
0.804411 0.785216 0.781966 0.803466 0.763234 0.802841 0.822057 0.885956 0.68917 0.63993 0.753958 0.718478 0.716067 0.696519
0.831527 0.788769 0.77639 0.794354 0.788506 0.807236 0.79095 0.814624 0.837616 0.784386 0.844849 0.779628 0.768 0.725653
0.823288 0.869515 0.832192 0.957725 0.869021 0.781101 0.797239 0.851426 0.787976 0.74682 0.792494 0.761567 0.821915 0.837528
0.824864 0.830897 0.760829 0.804543 0.808549 0.783675 0.768609 0.820328 0.806123 0.796044 0.779304 0.725062 0.77817 0.712289
0.739926 0.72086 0.675959 0.663359 0.678058 0.734567 0.778839 0.734033 0.648663 0.652871 0.669325 0.680484 0.599135 0.586343
0.721219 0.671407 0.651553 0.709326 0.671667 0.669161 0.675101 0.709312 0.580329 0.581003 0.620432 0.594509 0.591061 0.537059
0.650588 0.634296 0.610515 0.635229 0.636717 0.595557 0.605619 0.646375 0.522289 0.529824 0.572999 0.622842 0.593493 0.562613
0.765649 0.739112 0.73202 0.769222 0.753481 0.731473 0.732486 0.749515 0.696916 0.678334 0.689305 0.677016 0.67163 0.655851
526
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.425494 0.436421 0.409466 0.375036 0.342784 0.620489
0.360095 0.366811 0.381528 0.37483 0.358557 0.605761
0.523053 0.472703 0.509346 0.47722 0.430631 0.698607
0.601378 0.630575 0.55056 0.55689 0.528945 0.704634
0.569 0.552512 0.531296 0.502339 0.479637 0.654605
0.509674 0.512978 0.572449 0.54028 0.509137 0.711349
0.561594 0.596557 0.598401 0.564815 0.595283 0.738849
0.646043 0.68024 0.654937 0.6467 0.596917 0.819838
0.722631 0.694961 0.675946 0.656223 0.628419 0.804442
0.610853 0.621233 0.664748 0.589109 0.667062 0.741035
0.662414 0.700415 0.646955 0.617797 0.628285 0.793519
0.644111 0.703389 0.640744 0.642881 0.678982 0.849582
0.689387 0.670276 0.653215 0.721529 0.615545 0.805683
0.73159 0.72532 0.724544 0.699387 0.647926 0.810615
0.720591 0.682988 0.665167 0.636557 0.677131 0.789872
0.683914 0.703908 0.601692 0.607894 0.652628 0.665531
0.702795 0.703743 0.710817 0.646205 0.654067 0.755955
0.741631 0.73996 0.733761 0.645589 0.671922 0.727228
0.764726 0.739489 0.79296 0.752487 0.681235 0.837231
0.65866 0.661283 0.669428 0.640712 0.669713 0.758757
0.720963 0.654413 0.760173 0.769143 0.655188 0.758724
0.793991 0.776361 0.724961 0.742182 0.729783 0.790581
0.705809 0.698677 0.64164 0.673869 0.64602 0.753952
0.560164 0.606922 0.606387 0.559543 0.588917 0.660285
0.555424 0.551431 0.534335 0.490529 0.555436 0.63245
0.518412 0.513642 0.489 0.458096 0.504342 0.616716
0.736569
0.630169 0.630662 0.620941 0.599532 0.592096
527
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 03 Layer 03
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.544991 0.540057 0.529249 0.53188 0.545616 0.5263 0.511623 0.545752 0.613638 0.669914 0.671556
0.2 0.528355 0.498232 0.515508 0.494345 0.523798 0.503337 0.495671 0.527523 0.520879 0.545913 0.543189 0.565159
0.4 0.50734 0.517804 0.518901 0.52046 0.554857 0.550178 0.55231 0.555659 0.57503 0.544129 0.555904 0.64183 0.611229
0.6 0.531307 0.561447 0.539008 0.591587 0.575842 0.553721 0.550967 0.582034 0.546819 0.512703 0.542076 0.553216 0.568117
0.8 0.48588 0.489332 0.501559 0.513114 0.516277 0.514403 0.492227 0.519412 0.525523 0.541947 0.541301 0.526034 0.542933
d5 0.516181 0.545453 0.53173 0.527731 0.558558 0.551175 0.559302 0.549132 0.552504 0.613463 0.610793 0.612541 0.62207
1.2 0.54732 0.56625 0.561936 0.569229 0.519291 0.517989 0.596893 0.545804 0.553038 0.630352 0.584993 0.625789 0.6389
1.4 0.554657 0.569316 0.581173 0.549592 0.574415 0.590309 0.612577 0.580503 0.58674 0.710305 0.720869 0.731958 0.74721
1.6 0.548994 0.615141 0.590125 0.608297 0.622402 0.575505 0.611683 0.568985 0.625526 0.582783 0.612459 0.642445 0.61042
1.8 0.548923 0.575016 0.578104 0.633305 0.556878 0.573612 0.524604 0.569029 0.612956 0.584775 0.588319 0.562726 0.58321
d1 0.601323 0.679285 0.562629 0.534892 0.560388 0.555995 0.665001 0.568045 0.566876 0.627266 0.639303 0.635103 0.609816
2.2 0.694168 0.654934 0.611824 0.551212 0.607954 0.614449 0.704115 0.670596 0.651282 0.693813 0.687234 0.756921 0.713386
2.4 0.57395 0.663268 0.623243 0.704925 0.691928 0.615621 0.602015 0.658246 0.650063 0.686732 0.66361 0.663159 0.690006
2.6 0.5716 0.588325 0.602897 0.60554 0.618054 0.610664 0.609703 0.588922 0.6504 0.535528 0.604739 0.641091 0.635831
2.8 0.510902 0.576559 0.532257 0.547862 0.610329 0.592244 0.567122 0.615418 0.650811 0.598292 0.631192 0.660989 0.640293
d2 0.517757 0.538861 0.511874 0.544557 0.549561 0.499711 0.541273 0.574538 0.580145 0.506161 0.54268 0.521015 0.549415
3.2 0.503056 0.563191 0.524133 0.526633 0.553586 0.553203 0.583336 0.576632 0.565143 0.592908 0.627871 0.652675 0.622908
3.4 0.470096 0.513864 0.511032 0.562852 0.518148 0.502722 0.517807 0.543142 0.579944 0.558655 0.599657 0.609731 0.6187
3.6 0.507197 0.544879 0.527669 0.583174 0.576337 0.580101 0.565714 0.564171 0.575297 0.606521 0.601829 0.614353 0.62089
3.8 0.484499 0.525287 0.547132 0.507509 0.526018 0.49732 0.506629 0.532593 0.553654 0.566131 0.578399 0.607824 0.599145
d3 0.493601 0.534542 0.510366 0.52175 0.512836 0.564897 0.527449 0.527358 0.546798 0.59997 0.559853 0.623059 0.60796
4.2 0.487767 0.47442 0.49421 0.556915 0.504784 0.529894 0.54473 0.562551 0.536924 0.575375 0.658593 0.598486
4.4 0.420123 0.451921 0.450238 0.521644 0.48234 0.527405 0.565709 0.621136 0.610781 0.616866
4.6 0.429593 0.443845 0.429469 0.458522 0.493439 0.504537 0.560717 0.526378
4.8 0.421218 0.411996 0.442255 0.46228 0.448779
s8d4 0.404081 0.437586 0.426513
Average 0.535197 0.563756 0.544783 0.551049 0.558091 0.543921 0.559794 0.55703 0.566296 0.574685 0.584616 0.608674 0.603314
528
Appendix 5.3 Water (g/cm3)
Layer 03 Layer 03
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.602342 0.59943 0.628704 0.633785 0.613156 0.599929 0.529136 0.532394 0.540574 0.540962 0.579282 0.588039 0.574925 0.568006
0.57135 0.582846 0.639844 0.586325 0.625509 0.555709 0.564757 0.587789 0.593211 0.578407 0.557655 0.569278 0.563692 0.552282
0.573435 0.587243 0.64599 0.614429 0.675043 0.661494 0.601738 0.58875 0.632302 0.666878 0.671356 0.607347 0.65971 0.628009
0.554501 0.586426 0.583136 0.580205 0.606833 0.586693 0.64974 0.659956 0.711355 0.641164 0.694448 0.662881 0.627618 0.644266
0.571624 0.584588 0.571663 0.573783 0.53715 0.559168 0.575074 0.515277 0.514803 0.508422 0.532478 0.541261 0.590255 0.594536
0.645239 0.649196 0.63252 0.610625 0.638635 0.627128 0.638046 0.632982 0.624848 0.60377 0.602518 0.641468 0.636904 0.639961
0.658996 0.656623 0.651297 0.640919 0.659084 0.64723 0.64996 0.695675 0.691893 0.685118 0.671681 0.683331 0.682603 0.66476
0.752603 0.730454 0.740511 0.727165 0.695556 0.670419 0.674593 0.688921 0.661956 0.66052 0.673324 0.696923 0.693113 0.709546
0.617505 0.661482 0.689774 0.721872 0.72588 0.727775 0.662068 0.589688 0.609396 0.679969 0.716364 0.717495 0.712748 0.711273
0.614299 0.621635 0.634435 0.644981 0.628523 0.674162 0.679573 0.653136 0.650145 0.660312 0.650313 0.676787 0.700735 0.687951
0.605804 0.630139 0.671 0.626448 0.670688 0.657142 0.647843 0.65489 0.720905 0.734811 0.728382 0.651218 0.726831 0.690383
0.7102 0.681202 0.685941 0.665918 0.703375 0.734323 0.7674 0.764764 0.79366 0.765255 0.727658 0.729067 0.794062 0.819341
0.725429 0.738307 0.690348 0.683968 0.650338 0.656051 0.765303 0.686183 0.821168 0.737884 0.775838 0.779744 0.788726 0.748937
0.608915 0.678144 0.730253 0.6897 0.747123 0.698114 0.689965 0.646153 0.612134 0.67293 0.690592 0.708928 0.757361 0.746885
0.676892 0.674368 0.668833 0.692024 0.712833 0.700476 0.658124 0.660561 0.655854 0.653916 0.682809 0.683293 0.723703 0.70192
0.550909 0.564285 0.550806 0.542571 0.518489 0.519829 0.584052 0.555239 0.676494 0.628373 0.646506 0.63607 0.602649 0.635069
0.639698 0.638678 0.684947 0.655823 0.660347 0.650062 0.635407 0.590226 0.653222 0.676862 0.673868 0.67666 0.678252 0.666787
0.551393 0.595184 0.616904 0.596454 0.594415 0.627677 0.593272 0.575174 0.727878 0.647742 0.707086 0.700057 0.660568 0.660141
0.599185 0.661758 0.677396 0.711224 0.719292 0.728475 0.731422 0.709546 0.682845 0.707427 0.729834 0.750256 0.73786 0.75991
0.605099 0.647217 0.640393 0.607726 0.596296 0.602668 0.649335 0.633466 0.630816 0.653259 0.674559 0.624567 0.723278 0.703904
0.569713 0.587477 0.651156 0.637294 0.638435 0.634957 0.583239 0.591835 0.628018 0.639054 0.646838 0.628565 0.645517 0.629122
0.622469 0.629472 0.631298 0.606959 0.643566 0.622336 0.625753 0.59206 0.648536 0.675536 0.634016 0.646228 0.680328 0.689841
0.635076 0.643171 0.656042 0.617784 0.61671 0.620396 0.599894 0.616464 0.646162 0.609761 0.615124 0.609944 0.652636 0.668414
0.500013 0.53073 0.537413 0.558286 0.535684 0.543716 0.555389 0.540309 0.530055 0.546111 0.57082 0.571695 0.602523 0.613377
0.487344 0.462523 0.485876 0.477693 0.501027 0.493771 0.519523 0.511881 0.522108 0.521139 0.522085 0.499537 0.555092 0.516053
0.455785 0.47567 0.495087 0.493706 0.519795 0.538169 0.544164 0.51638 0.479417 0.522895 0.511677 0.509586 0.564128 0.551622
0.60407 0.619163 0.634291 0.622987 0.632069 0.62838 0.629799 0.614988 0.64076 0.639172 0.649504 0.645778 0.666762 0.661627
529
Appendix 5.3 Water (g/cm3)
Layer 03 Layer 03
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.584067 0.561859 0.497064 0.534349 0.548124 0.545092 0.581704 0.523308 0.493482 0.493457 0.505871 0.513731 0.493909 0.503197
0.534809 0.496185 0.517468 0.580863 0.562414 0.538665 0.565106 0.509808 0.508745 0.487579 0.489974 0.485467 0.485001 0.482678
0.680336 0.617801 0.608418 0.602562 0.599281 0.609969 0.615134 0.57736 0.56417 0.590244 0.618019 0.608384 0.588712 0.602533
0.675605 0.684445 0.608286 0.584317 0.526981 0.481309 0.60778 0.537707 0.529483 0.572409 0.53498 0.568721 0.563761 0.543527
0.588186 0.598522 0.527668 0.598299 0.564126 0.542734 0.561486 0.542042 0.537602 0.513785 0.550776 0.533589 0.50285 0.481588
0.626572 0.592434 0.613058 0.628754 0.613186 0.621215 0.582818 0.586205 0.59738 0.569131 0.579811 0.543925 0.580849 0.56372
0.680703 0.673675 0.651829 0.650272 0.605371 0.635181 0.620918 0.633698 0.598521 0.603334 0.630664 0.635637 0.689725 0.583444
0.708837 0.69091 0.674896 0.673065 0.729642 0.726724 0.751413 0.674549 0.648021 0.624803 0.639839 0.654219 0.687828 0.66098
0.729079 0.732754 0.682716 0.730816 0.687067 0.694634 0.644226 0.676269 0.65188 0.648966 0.712302 0.692635 0.681008 0.654684
0.690166 0.70443 0.606058 0.612152 0.632278 0.592098 0.61845 0.583036 0.603246 0.628039 0.636361 0.670531 0.667947 0.594061
0.683597 0.678443 0.738399 0.6732 0.662084 0.638268 0.580632 0.668125 0.631025 0.631329 0.670035 0.710811 0.631655 0.645508
0.801487 0.740505 0.764717 0.741689 0.728307 0.773254 0.745568 0.803433 0.709235 0.693013 0.700895 0.711649 0.725549 0.690988
0.799253 0.821565 0.737728 0.684834 0.634048 0.572066 0.666673 0.605188 0.625656 0.667742 0.631388 0.682173 0.600683 0.595062
0.71539 0.714687 0.671771 0.736445 0.728805 0.708281 0.679912 0.67418 0.689728 0.65435 0.709613 0.71018 0.659961 0.662483
0.71721 0.742701 0.669049 0.696923 0.714819 0.647989 0.628927 0.715397 0.621106 0.641066 0.657856 0.632866 0.711352 0.629253
0.618551 0.635716 0.564703 0.566983 0.51387 0.504583 0.581215 0.529307 0.517993 0.559513 0.526018 0.525532 0.527498 0.468088
0.6605 0.662611 0.663856 0.654854 0.632008 0.693372 0.628714 0.656168 0.628753 0.64301 0.686425 0.643785 0.693969 0.623578
0.654957 0.688248 0.580687 0.604045 0.590305 0.520179 0.642489 0.550768 0.557567 0.589805 0.552563 0.618707 0.542424 0.535971
0.776206 0.786227 0.688389 0.654427 0.656204 0.636592 0.703561 0.674195 0.680535 0.696422 0.732962 0.705556 0.766761 0.719326
0.671099 0.738826 0.612122 0.658352 0.651434 0.612002 0.631076 0.662497 0.658529 0.657269 0.700164 0.705157 0.675781 0.572199
0.650669 0.676179 0.615131 0.580732 0.614758 0.603747 0.664726 0.622452 0.609165 0.632917 0.650756 0.683544 0.672205 0.651168
0.699493 0.65572 0.668373 0.705419 0.655047 0.676664 0.615225 0.685382 0.616944 0.635556 0.659325 0.612349 0.658925 0.626071
0.625333 0.59249 0.633774 0.650438 0.697391 0.681093 0.708107 0.649736 0.639542 0.586331 0.638728 0.612869 0.619513 0.581457
0.582751 0.595255 0.527672 0.543678 0.56162 0.567504 0.583755 0.567371 0.554031 0.545318 0.581685 0.558864 0.574605 0.581512
0.539304 0.562694 0.521083 0.509438 0.516748 0.515908 0.518511 0.53341 0.521733 0.549796 0.542711 0.569935 0.5864 0.494367
0.570399 0.541389 0.513941 0.570912 0.561325 0.510869 0.536154 0.522163 0.514537 0.502518 0.541763 0.523064 0.532424 0.490137
0.664022 0.66101 0.621494 0.631839 0.622586 0.609615 0.625549 0.613991 0.596485 0.600681 0.618519 0.619765 0.62005 0.586061
530
Appendix 5.3 Water (g/cm3)
Layer 03 Layer 03
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.517063 0.502943 0.454873 0.438579 0.444407 0.4615 0.45727 0.476052 0.403831 0.398252 0.388923 0.364517 0.37706 0.392861
0.47289 0.475998 0.459615 0.474017 0.458971 0.458816 0.436651 0.450792 0.394025 0.37852 0.38611 0.395019 0.379191 0.33078
0.572985 0.512322 0.502122 0.553292 0.580768 0.523719 0.537234 0.54687 0.494504 0.467524 0.472285 0.436337 0.446995 0.433741
0.543821 0.480182 0.498401 0.583404 0.579196 0.574852 0.563017 0.547247 0.590434 0.608504 0.52881 0.532368 0.504887 0.505497
0.516379 0.500602 0.498835 0.520679 0.503402 0.487811 0.484033 0.516893 0.447832 0.4457 0.472681 0.453886 0.474657 0.486866
0.544363 0.558614 0.573269 0.589044 0.564592 0.580465 0.567951 0.542578 0.525525 0.469985 0.478234 0.445144 0.471948 0.433762
0.618671 0.646444 0.630789 0.60658 0.575306 0.616037 0.605109 0.594698 0.576833 0.516133 0.571078 0.537671 0.506359 0.496801
0.659847 0.707433 0.662491 0.640273 0.629685 0.698611 0.689952 0.66897 0.610658 0.598504 0.640283 0.552069 0.575944 0.554035
0.629392 0.63888 0.686234 0.680785 0.672601 0.595729 0.636938 0.637235 0.59931 0.588003 0.59669 0.578008 0.567236 0.621392
0.637619 0.570668 0.635396 0.662331 0.683214 0.621138 0.604575 0.638337 0.575159 0.529822 0.580337 0.564907 0.537042 0.504534
0.750677 0.725971 0.627677 0.650943 0.664812 0.589073 0.591615 0.609282 0.679943 0.625392 0.588925 0.589003 0.562686 0.524716
0.79063 0.769019 0.653725 0.703245 0.696767 0.665967 0.694813 0.701312 0.680852 0.630042 0.621421 0.577282 0.652434 0.567725
0.617134 0.601215 0.622374 0.632418 0.652593 0.708914 0.676098 0.670516 0.656232 0.668601 0.603264 0.606806 0.624989 0.620468
0.629859 0.692086 0.687933 0.723149 0.677237 0.613118 0.642236 0.672852 0.566469 0.592955 0.616257 0.603221 0.618424 0.635891
0.702183 0.644045 0.613951 0.636789 0.661677 0.625002 0.598068 0.637542 0.597423 0.635424 0.659854 0.61079 0.582635 0.607349
0.482878 0.445888 0.505972 0.574113 0.554736 0.547097 0.527616 0.580079 0.544616 0.540472 0.507961 0.514606 0.525154 0.554172
0.6366 0.618447 0.634156 0.658486 0.626886 0.588305 0.633916 0.640762 0.631971 0.609088 0.59791 0.573705 0.589671 0.616322
0.544729 0.489242 0.550644 0.604029 0.639733 0.592719 0.579724 0.622013 0.557353 0.548309 0.524213 0.539344 0.559129 0.60972
0.707825 0.653987 0.696389 0.709946 0.731279 0.720584 0.744629 0.721757 0.701163 0.666483 0.689781 0.665037 0.618671 0.593887
0.657371 0.645645 0.634775 0.659574 0.627911 0.656722 0.654827 0.720299 0.578956 0.537526 0.621265 0.57544 0.574168 0.5628
0.647148 0.63 0.616497 0.642535 0.659769 0.667534 0.682241 0.6794 0.667106 0.639435 0.690672 0.608896 0.627363 0.608858
0.640287 0.692535 0.653568 0.697944 0.665038 0.627738 0.627224 0.671087 0.642502 0.602153 0.635439 0.600399 0.650455 0.662815
0.647874 0.663793 0.604401 0.644345 0.657669 0.630667 0.622755 0.667955 0.637263 0.620685 0.612129 0.564197 0.620592 0.577567
0.593992 0.586033 0.552009 0.547897 0.558648 0.606151 0.639476 0.610628 0.541481 0.543362 0.550511 0.558657 0.50004 0.493902
0.558696 0.537325 0.515793 0.523654 0.517263 0.535417 0.529702 0.556086 0.474665 0.471129 0.499952 0.47186 0.474756 0.434749
0.529894 0.519651 0.495107 0.519588 0.520281 0.4873 0.481555 0.524832 0.436355 0.44063 0.470648 0.493051 0.471866 0.451199
0.609646 0.596499 0.587192 0.610679 0.607863 0.595423 0.596509 0.611772 0.56971 0.552794 0.561755 0.538932 0.54209 0.533939
531
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.344889 0.353706 0.334843 0.312016 0.281416 0.50768
0.319059 0.314757 0.324239 0.321933 0.302873 0.4944
0.430844 0.398955 0.427821 0.391928 0.361671 0.559903
0.492316 0.517374 0.441153 0.44345 0.436354 0.566477
0.464223 0.449344 0.425917 0.402222 0.408575 0.518064
0.428224 0.44195 0.47005 0.449764 0.454813 0.56773
0.496628 0.525616 0.510802 0.481832 0.518548 0.605364
0.506576 0.529203 0.524713 0.523886 0.495908 0.648333
0.590654 0.566197 0.540356 0.523004 0.531757 0.640958
0.505893 0.514286 0.547476 0.490094 0.535407 0.607426
0.52088 0.553671 0.503506 0.492199 0.51848 0.630583
0.535571 0.594865 0.550199 0.547781 0.591525 0.691825
0.606552 0.590599 0.561741 0.618845 0.549022 0.665791
0.605172 0.602688 0.604871 0.571948 0.53441 0.652451
0.601512 0.582997 0.571543 0.531258 0.573036 0.639658
0.575782 0.586185 0.510099 0.519246 0.540602 0.549429
0.625603 0.62993 0.616417 0.560736 0.58055 0.624453
0.591238 0.581326 0.5852 0.539156 0.549329 0.583269
0.639469 0.619763 0.64341 0.606891 0.581738 0.666077
0.547166 0.560404 0.570282 0.535612 0.56945 0.612024
0.624072 0.554969 0.628275 0.622712 0.541811 0.613485
0.624842 0.627487 0.590394 0.615696 0.615591 0.623504
0.58158 0.571806 0.534198 0.558269 0.530696 0.605982
0.464524 0.504234 0.50383 0.47581 0.491418 0.542379
0.442083 0.446882 0.439137 0.413855 0.470819 0.501116
0.428759 0.431852 0.41582 0.382231 0.428091 0.496131
0.594272
0.52285 0.52504 0.514473 0.497399 0.499765
532
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 04 Layer 04
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.503557 0.503468 0.497911 0.490241 0.508323 0.493884 0.472844 0.51581 0.560573 0.617184 0.61768
0.2 0.49824 0.469318 0.489938 0.473741 0.497172 0.477551 0.468081 0.495379 0.483066 0.505996 0.499205 0.537664
0.4 0.488757 0.494613 0.505158 0.502786 0.539278 0.531926 0.521622 0.535788 0.550659 0.53484 0.532661 0.64032 0.60625
0.6 0.505818 0.529622 0.508993 0.551101 0.542173 0.531037 0.524264 0.558258 0.526315 0.489472 0.516297 0.527856 0.541134
0.8 0.462104 0.460946 0.487747 0.486835 0.496175 0.497934 0.464185 0.497892 0.505058 0.532007 0.52014 0.522994 0.534912
d5 0.496372 0.515826 0.50608 0.501229 0.529821 0.526046 0.525909 0.523297 0.525657 0.587135 0.568394 0.577694 0.590213
1.2 0.513675 0.533952 0.523942 0.537137 0.491099 0.48847 0.573354 0.517646 0.524008 0.585788 0.549155 0.599207 0.611704
1.4 0.518067 0.534019 0.544596 0.514181 0.534815 0.549867 0.578821 0.544279 0.554129 0.663034 0.668563 0.696273 0.712626
1.6 0.521279 0.579938 0.572658 0.585455 0.600871 0.553534 0.570725 0.542909 0.597096 0.568202 0.595168 0.644047 0.603952
1.8 0.545858 0.570074 0.570564 0.594946 0.546662 0.559264 0.515515 0.561705 0.603613 0.575694 0.547384 0.548222 0.593675
d1 0.602122 0.673746 0.555451 0.508007 0.559587 0.557419 0.664702 0.565772 0.563312 0.62066 0.609501 0.633163 0.611241
2.2 0.667443 0.624199 0.582789 0.535111 0.593387 0.593769 0.671632 0.638819 0.616009 0.654238 0.646853 0.711446 0.676741
2.4 0.548699 0.628827 0.591161 0.658905 0.653092 0.593315 0.576439 0.634911 0.627472 0.655388 0.63406 0.636302 0.66135
2.6 0.540865 0.584648 0.560436 0.567248 0.579146 0.554129 0.560698 0.548144 0.593853 0.504822 0.539339 0.578788 0.594012
2.8 0.485828 0.540225 0.505492 0.519493 0.576441 0.563699 0.528591 0.580805 0.616894 0.571012 0.598776 0.6284 0.607248
d2 0.492049 0.509453 0.49797 0.526936 0.532336 0.481993 0.506269 0.548696 0.554623 0.49473 0.52986 0.525528 0.545807
3.2 0.478098 0.532148 0.509121 0.508426 0.535142 0.532201 0.545012 0.550628 0.540368 0.578085 0.60986 0.655311 0.617474
3.4 0.475655 0.515065 0.509452 0.539313 0.518489 0.499721 0.511718 0.539944 0.573492 0.559356 0.567398 0.609973 0.625587
3.6 0.481315 0.514949 0.498107 0.554833 0.553071 0.550923 0.537428 0.534356 0.542188 0.564117 0.558442 0.565567 0.594524
3.8 0.456419 0.494912 0.509481 0.47901 0.497241 0.468811 0.487101 0.504106 0.523134 0.526932 0.544902 0.582483 0.57299
d3 0.460732 0.501665 0.478245 0.486944 0.477664 0.525746 0.498997 0.494677 0.516419 0.561054 0.52063 0.593568 0.580594
4.2 0.455934 0.449257 0.465908 0.522956 0.478656 0.492151 0.5121 0.53215 0.509486 0.541847 0.621931 0.565213
4.4 0.392017 0.424046 0.414652 0.479374 0.445554 0.481719 0.535727 0.557664 0.5577 0.563489
4.6 0.407885 0.421437 0.406707 0.431604 0.457966 0.467792 0.514959 0.500955
4.8 0.400377 0.38479 0.418804 0.446313 0.433492
s8d4 0.37497 0.402377 0.406811
Average 0.512692 0.537762 0.519981 0.52214 0.533702 0.518684 0.530909 0.531207 0.538735 0.548536 0.549424 0.582185 0.581051
533
Appendix 5.3 Water (g/cm3)
Layer 04 Layer 04
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.557537 0.55624 0.580473 0.582213 0.56033 0.546181 0.497373 0.497916 0.505283 0.499852 0.531948 0.538482 0.517312 0.511409
0.547023 0.557595 0.612696 0.566649 0.591426 0.522111 0.53561 0.552695 0.55842 0.538032 0.522593 0.536681 0.524159 0.522391
0.562096 0.581482 0.618564 0.588959 0.651239 0.649616 0.582519 0.574987 0.609626 0.63244 0.64387 0.584594 0.631368 0.609387
0.519938 0.552638 0.553036 0.549059 0.574791 0.560386 0.621217 0.624805 0.678908 0.616801 0.6626 0.62653 0.586385 0.605818
0.55229 0.573446 0.549839 0.554725 0.525604 0.55573 0.559256 0.496336 0.488671 0.478942 0.507256 0.518917 0.564375 0.571237
0.612639 0.617287 0.597567 0.57502 0.596359 0.591014 0.60618 0.59327 0.591483 0.574575 0.57171 0.603317 0.598744 0.607594
0.626202 0.635736 0.622702 0.615956 0.624835 0.627292 0.619019 0.67365 0.671962 0.657736 0.650849 0.655997 0.647805 0.649575
0.718212 0.715242 0.708962 0.700066 0.664585 0.653572 0.646993 0.651614 0.627048 0.627282 0.65245 0.670243 0.663458 0.689396
0.602126 0.654484 0.667409 0.700865 0.705371 0.720969 0.645082 0.585001 0.607936 0.648694 0.691365 0.702124 0.685065 0.693731
0.616012 0.62396 0.635603 0.644569 0.632782 0.661779 0.667903 0.643716 0.629285 0.63821 0.639029 0.64805 0.67866 0.660091
0.59819 0.625392 0.669859 0.626483 0.673346 0.647975 0.637015 0.666242 0.715343 0.725813 0.723515 0.629283 0.709823 0.672546
0.687094 0.662697 0.65637 0.641246 0.662114 0.687637 0.729321 0.732022 0.757013 0.723595 0.69669 0.697502 0.75373 0.793121
0.685014 0.700424 0.657794 0.648833 0.620127 0.629773 0.735769 0.653153 0.786493 0.71068 0.744136 0.740204 0.738387 0.707331
0.570655 0.630231 0.677152 0.637061 0.681592 0.631375 0.639574 0.584771 0.557998 0.604415 0.617077 0.636819 0.671896 0.664151
0.638492 0.640621 0.639516 0.661553 0.671086 0.667254 0.629781 0.628075 0.638617 0.626297 0.651634 0.656663 0.680707 0.669621
0.538621 0.560732 0.537068 0.530113 0.506426 0.517379 0.569416 0.550789 0.671836 0.600756 0.626293 0.626762 0.581595 0.621488
0.625758 0.634226 0.66351 0.637309 0.642014 0.644643 0.619726 0.584205 0.647429 0.644787 0.651043 0.663038 0.652274 0.650156
0.559526 0.606994 0.616123 0.59248 0.592256 0.613497 0.583946 0.576452 0.71319 0.635211 0.706449 0.677389 0.651002 0.647929
0.57729 0.635178 0.650726 0.688221 0.682655 0.684264 0.69401 0.667109 0.642827 0.658877 0.683605 0.706896 0.686076 0.718563
0.574441 0.626242 0.612439 0.58518 0.566572 0.585275 0.618129 0.614894 0.614931 0.628438 0.653578 0.600575 0.685137 0.688161
0.545022 0.575977 0.623517 0.613298 0.607776 0.617163 0.558783 0.559346 0.594162 0.605636 0.625346 0.602601 0.614669 0.609576
0.586716 0.597647 0.602208 0.578723 0.604039 0.591655 0.597473 0.562327 0.628628 0.644094 0.604048 0.617889 0.638575 0.654845
0.584621 0.59472 0.606527 0.570737 0.562242 0.562315 0.557759 0.557127 0.583738 0.54971 0.552446 0.550966 0.585147 0.596128
0.479473 0.50815 0.514674 0.539069 0.507997 0.510945 0.526849 0.508288 0.499359 0.508502 0.5349 0.539338 0.561015 0.580698
0.468249 0.45454 0.465752 0.458194 0.476711 0.480258 0.499238 0.494219 0.506589 0.500791 0.512531 0.483992 0.527338 0.501851
0.437174 0.455746 0.474588 0.477439 0.492082 0.504535 0.515543 0.485309 0.451211 0.485908 0.478895 0.480091 0.523787 0.521705
0.579631 0.599139 0.608257 0.598616 0.602937 0.602484 0.603595 0.589166 0.614538 0.606387 0.62061 0.61519 0.629173 0.631481
534
Appendix 5.3 Water (g/cm3)
Layer 04 Layer 04
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.545701 0.509421 0.459753 0.493714 0.509514 0.494622 0.529426 0.481453 0.453609 0.459233 0.462255 0.47675 0.458457 0.456792
0.504438 0.474301 0.492696 0.554098 0.531609 0.498688 0.520205 0.478633 0.484006 0.461781 0.456847 0.457329 0.457569 0.457761
0.66206 0.596962 0.585752 0.578437 0.596349 0.569683 0.584492 0.556596 0.550176 0.576656 0.593187 0.58732 0.579482 0.579726
0.635077 0.640394 0.577516 0.551615 0.499012 0.45826 0.577531 0.519915 0.504732 0.544251 0.511602 0.557027 0.549016 0.516552
0.567359 0.573821 0.505144 0.552627 0.545402 0.499041 0.523685 0.51415 0.509695 0.49121 0.517637 0.509363 0.488553 0.456644
0.59484 0.556483 0.579745 0.60297 0.581078 0.586484 0.550569 0.557621 0.570829 0.549322 0.561128 0.524619 0.554545 0.53625
0.665285 0.636487 0.639286 0.632525 0.595405 0.606249 0.586096 0.591411 0.569652 0.576226 0.60763 0.595413 0.664071 0.578707
0.692048 0.648895 0.653605 0.644385 0.701909 0.693061 0.711105 0.630019 0.613649 0.596623 0.621726 0.615413 0.649458 0.638619
0.705968 0.704973 0.657413 0.707415 0.693195 0.666871 0.625168 0.662074 0.64338 0.635702 0.685431 0.669421 0.668773 0.637536
0.691066 0.685037 0.60365 0.601254 0.625037 0.584238 0.602762 0.579452 0.603704 0.621326 0.629556 0.664854 0.668714 0.58164
0.688547 0.667155 0.745854 0.670001 0.6667 0.628455 0.564233 0.658923 0.62691 0.622428 0.658508 0.698382 0.647205 0.639753
0.771626 0.717132 0.735547 0.733535 0.707984 0.726188 0.703433 0.76104 0.688498 0.671019 0.674177 0.677851 0.693251 0.658452
0.754858 0.770842 0.702366 0.649027 0.602094 0.546733 0.637966 0.588814 0.598466 0.63766 0.604609 0.666314 0.590523 0.567663
0.663325 0.641717 0.614739 0.66815 0.661153 0.630941 0.602831 0.605689 0.625453 0.607138 0.641534 0.650309 0.599271 0.602392
0.675482 0.695068 0.632821 0.67236 0.688429 0.627188 0.605558 0.68995 0.603151 0.618526 0.635534 0.610616 0.67617 0.604456
0.600202 0.612388 0.544471 0.555986 0.526796 0.494708 0.568543 0.523019 0.516695 0.549883 0.511509 0.51108 0.520263 0.45853
0.639457 0.638427 0.638917 0.634679 0.63614 0.663012 0.608796 0.641796 0.620338 0.629333 0.658332 0.621999 0.680895 0.60542
0.668263 0.67276 0.58328 0.618888 0.60344 0.522185 0.640621 0.554208 0.570077 0.597191 0.566149 0.619458 0.550243 0.527145
0.732779 0.750983 0.656859 0.62419 0.61968 0.588776 0.647037 0.631909 0.645018 0.657144 0.681789 0.664269 0.72224 0.68153
0.656996 0.697444 0.602106 0.640515 0.641313 0.584162 0.595734 0.618275 0.626627 0.627256 0.674588 0.660599 0.652542 0.56965
0.634053 0.632086 0.595619 0.556008 0.591524 0.575777 0.628873 0.580928 0.576336 0.603469 0.631417 0.641627 0.633465 0.629446
0.656022 0.612588 0.630325 0.677554 0.625668 0.651704 0.590467 0.658381 0.594934 0.611821 0.633954 0.589075 0.625811 0.599353
0.58023 0.53053 0.576539 0.587853 0.630153 0.604175 0.626373 0.577291 0.57105 0.540662 0.577549 0.55705 0.556772 0.52013
0.55072 0.569432 0.50323 0.518537 0.530456 0.524895 0.537324 0.531954 0.526188 0.515404 0.541683 0.525932 0.542103 0.550733
0.528759 0.529325 0.508948 0.497701 0.509056 0.50021 0.502447 0.511919 0.504743 0.52826 0.530644 0.545065 0.565944 0.484645
0.538091 0.517065 0.489686 0.544357 0.529514 0.472029 0.493013 0.489313 0.48797 0.474642 0.504369 0.492192 0.501623 0.465197
0.638587 0.62622 0.596764 0.606476 0.60187 0.576859 0.590934 0.584413 0.572534 0.577083 0.591282 0.591897 0.596037 0.56172
535
Appendix 5.3 Water (g/cm3)
Layer 04 Layer 04
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.475001 0.461152 0.422359 0.399465 0.409267 0.413044 0.415284 0.425103 0.366448 0.367326 0.361043 0.340061 0.344078 0.354544
0.446824 0.456291 0.444043 0.456801 0.442778 0.429154 0.417796 0.42858 0.372109 0.35715 0.362977 0.374668 0.361675 0.322736
0.552386 0.516382 0.497249 0.530757 0.569022 0.525036 0.519518 0.533504 0.480704 0.449284 0.462754 0.420464 0.437772 0.426166
0.516865 0.459323 0.479599 0.561279 0.54841 0.543494 0.539014 0.517858 0.556662 0.576872 0.502283 0.5071 0.485368 0.48725
0.495758 0.498449 0.490077 0.509818 0.497602 0.487769 0.468246 0.498997 0.43278 0.431109 0.469804 0.436726 0.465995 0.466341
0.513822 0.533555 0.553446 0.557834 0.53382 0.554872 0.546549 0.520152 0.499956 0.445806 0.452966 0.421873 0.455381 0.43088
0.601184 0.611864 0.595854 0.576473 0.558707 0.575374 0.571831 0.565526 0.563211 0.507367 0.545139 0.532722 0.485087 0.488758
0.638988 0.673719 0.624339 0.620361 0.622286 0.663284 0.653492 0.627235 0.588142 0.584543 0.612489 0.54206 0.55358 0.542048
0.602695 0.630337 0.663292 0.660009 0.657756 0.590992 0.612853 0.614627 0.580289 0.564302 0.576936 0.554222 0.552903 0.595768
0.628477 0.572673 0.621141 0.630957 0.648332 0.615195 0.600268 0.62765 0.545225 0.533428 0.581361 0.543676 0.536403 0.508361
0.735224 0.718931 0.611341 0.615149 0.626509 0.575887 0.586635 0.605593 0.649606 0.636076 0.598862 0.571094 0.559378 0.524349
0.743551 0.742075 0.635257 0.672634 0.674392 0.630044 0.669161 0.675312 0.645953 0.596193 0.587947 0.548865 0.619323 0.559276
0.591469 0.576416 0.602782 0.612879 0.622205 0.672525 0.650569 0.638036 0.623305 0.638634 0.576569 0.581885 0.602626 0.599321
0.580224 0.633494 0.637544 0.64984 0.618643 0.55151 0.583479 0.602369 0.517345 0.545481 0.569385 0.558133 0.569753 0.586292
0.656963 0.602901 0.578609 0.610207 0.625082 0.592326 0.57263 0.601239 0.564347 0.601621 0.617919 0.574989 0.561431 0.587953
0.462769 0.439212 0.488391 0.556844 0.543337 0.542668 0.508418 0.560104 0.528567 0.520202 0.491767 0.495221 0.513604 0.534651
0.609365 0.610194 0.612585 0.637658 0.612482 0.583439 0.609999 0.618283 0.612063 0.586062 0.578701 0.55183 0.576389 0.594227
0.53544 0.495022 0.541802 0.570127 0.608614 0.591575 0.578284 0.620389 0.533956 0.552769 0.527912 0.520639 0.55735 0.622463
0.669588 0.628807 0.673381 0.684727 0.705613 0.674432 0.713152 0.686062 0.660672 0.62964 0.65023 0.630358 0.591664 0.578834
0.639024 0.611481 0.600027 0.627159 0.609949 0.613383 0.618468 0.682158 0.566004 0.529094 0.594297 0.570788 0.549842 0.554381
0.626359 0.599685 0.580614 0.620884 0.650368 0.633621 0.645839 0.636533 0.641619 0.62325 0.659671 0.596224 0.602031 0.594942
0.599129 0.647693 0.61589 0.666581 0.626603 0.594616 0.599948 0.632962 0.607241 0.569233 0.593677 0.564353 0.623387 0.638983
0.587086 0.600862 0.557325 0.584699 0.605991 0.567828 0.567094 0.596557 0.576171 0.568707 0.572027 0.518561 0.568374 0.52366
0.560148 0.561975 0.533565 0.527961 0.538699 0.565842 0.610654 0.579396 0.510159 0.512337 0.517164 0.528985 0.476971 0.479074
0.547248 0.516479 0.489879 0.506531 0.507475 0.504658 0.501305 0.523111 0.459007 0.460314 0.474008 0.469065 0.454269 0.427462
0.501102 0.499133 0.47926 0.501326 0.501832 0.45621 0.461293 0.498446 0.412057 0.416273 0.442943 0.466684 0.448859 0.438151
0.581411 0.573004 0.562679 0.582652 0.583299 0.567261 0.570068 0.581376 0.542061 0.530887 0.537724 0.516202 0.521288 0.517956
536
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.309209 0.320174 0.308652 0.295972 0.268488 0.467438
0.314078 0.304977 0.313844 0.311223 0.290573 0.468164
0.419097 0.383733 0.410436 0.386962 0.351506 0.542917
0.479978 0.502944 0.432534 0.418154 0.413919 0.539278
0.447526 0.428903 0.409382 0.390137 0.387125 0.498874
0.423615 0.437241 0.462526 0.434619 0.445335 0.540686
0.482111 0.524432 0.511539 0.478504 0.506462 0.580917
0.493378 0.527819 0.518251 0.506467 0.478435 0.61973
0.565984 0.538128 0.515607 0.508167 0.502206 0.621607
0.5091 0.509634 0.517524 0.487553 0.50948 0.597026
0.518443 0.552954 0.489834 0.502344 0.500216 0.62345
0.52512 0.581344 0.539343 0.542365 0.583087 0.663059
0.592928 0.577772 0.555828 0.588704 0.526898 0.636789
0.555364 0.552495 0.555546 0.543427 0.512659 0.597475
0.585678 0.568972 0.55951 0.503741 0.541512 0.609429
0.555539 0.560563 0.490558 0.507789 0.513408 0.534887
0.603272 0.605187 0.5922 0.548055 0.553819 0.606089
0.597169 0.585609 0.562099 0.551857 0.540684 0.580088
0.627509 0.6001 0.62153 0.584842 0.55766 0.631652
0.531283 0.55856 0.572293 0.532512 0.555407 0.587757
0.605344 0.553853 0.618109 0.600968 0.521269 0.586194
0.607122 0.612681 0.577107 0.583216 0.582673 0.592495
0.526094 0.523831 0.495373 0.52973 0.504691 0.552231
0.455511 0.486721 0.486252 0.458486 0.471131 0.513785
0.430068 0.444988 0.436781 0.403747 0.457431 0.484145
0.419573 0.416446 0.401753 0.368605 0.409797 0.47014
0.568616
0.506927 0.510002 0.498247 0.48339 0.480226
537
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 05 Layer 05
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.481056 0.47562 0.468409 0.470092 0.480367 0.464215 0.453828 0.48534 0.533212 0.586637 0.585922
0.2 0.46189 0.436251 0.458048 0.443966 0.467324 0.455624 0.440305 0.478129 0.456593 0.468432 0.460013 0.503519
0.4 0.465382 0.475793 0.471057 0.469373 0.504392 0.520347 0.500029 0.51864 0.515901 0.520334 0.525018 0.595476 0.597283
0.6 0.472653 0.500868 0.479184 0.517066 0.512353 0.500988 0.488241 0.519223 0.520632 0.485988 0.504576 0.524975 0.532452
0.8 0.452667 0.435002 0.471132 0.460044 0.493794 0.477837 0.458396 0.486175 0.48644 0.497826 0.511978 0.509075 0.52477
d5 0.468787 0.484718 0.476109 0.47418 0.497294 0.489935 0.497808 0.492421 0.504283 0.547601 0.525749 0.533335 0.546682
1.2 0.479135 0.495445 0.48777 0.503308 0.463503 0.464196 0.548636 0.48938 0.509799 0.555042 0.509678 0.55285 0.573195
1.4 0.491886 0.511153 0.522774 0.487916 0.508045 0.527683 0.545451 0.513557 0.533938 0.62066 0.61842 0.646915 0.665228
1.6 0.500884 0.558572 0.542998 0.552786 0.56532 0.540607 0.550045 0.528184 0.559988 0.557065 0.597946 0.61133 0.597781
1.8 0.537407 0.540025 0.543874 0.559509 0.547527 0.546484 0.513066 0.553414 0.592565 0.554347 0.532332 0.529308 0.581574
d1 0.60043 0.614379 0.525687 0.498461 0.552568 0.551233 0.652185 0.55491 0.549787 0.61073 0.577476 0.590151 0.600603
2.2 0.633399 0.592227 0.556587 0.506583 0.567678 0.563323 0.630597 0.597627 0.607679 0.654223 0.633948 0.705593 0.665164
2.4 0.537511 0.593663 0.572939 0.623771 0.650057 0.570145 0.570036 0.620365 0.60521 0.61363 0.625099 0.620164 0.65112
2.6 0.520253 0.563945 0.532346 0.536722 0.545766 0.54141 0.541086 0.533656 0.557704 0.495333 0.541888 0.549317 0.588475
2.8 0.476526 0.493932 0.472387 0.507959 0.563318 0.555769 0.514407 0.56663 0.60349 0.558132 0.566891 0.588383 0.597865
d2 0.457346 0.478268 0.481116 0.50188 0.509108 0.455078 0.477177 0.513555 0.546257 0.486836 0.520143 0.520728 0.538478
3.2 0.454879 0.511049 0.490335 0.483434 0.509198 0.511594 0.514677 0.52111 0.522313 0.542947 0.56544 0.61016 0.577597
3.4 0.472888 0.492358 0.490578 0.513795 0.515124 0.482648 0.50501 0.528054 0.55526 0.533011 0.56934 0.608472 0.618427
3.6 0.45002 0.487746 0.469174 0.521487 0.523222 0.520142 0.500438 0.497307 0.536345 0.560156 0.545359 0.562423 0.585576
3.8 0.445267 0.44679 0.484778 0.47167 0.489906 0.459505 0.477984 0.493873 0.509462 0.511438 0.516466 0.542309 0.563172
d3 0.454513 0.477526 0.452715 0.457035 0.471962 0.506816 0.489026 0.481189 0.499573 0.528316 0.511443 0.579551 0.569841
4.2 0.434477 0.427731 0.438104 0.491849 0.465459 0.474694 0.497371 0.496099 0.492579 0.535214 0.577342 0.55707
4.4 0.369352 0.401663 0.399967 0.453205 0.41803 0.460403 0.502958 0.522261 0.521625 0.532241
4.6 0.401225 0.410105 0.396831 0.422053 0.447415 0.439924 0.478895 0.492536
4.8 0.397366 0.38298 0.390903 0.411788 0.424751
s8d4 0.366036 0.370559 0.399641
Average 0.493254 0.507135 0.494026 0.495135 0.512871 0.499575 0.510345 0.509418 0.52098 0.528059 0.529045 0.55336 0.564268
538
Appendix 5.3 Water (g/cm3)
Layer 05 Layer 05
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.522169 0.517282 0.544643 0.548298 0.53385 0.514841 0.470692 0.46663 0.474285 0.470819 0.497605 0.510962 0.491646 0.482706
0.50979 0.522616 0.57561 0.534447 0.558776 0.500688 0.508166 0.517043 0.528981 0.514371 0.500396 0.506428 0.502806 0.492501
0.550425 0.562164 0.596983 0.569784 0.602836 0.598905 0.550737 0.562284 0.593928 0.588113 0.595577 0.571015 0.598106 0.578107
0.516735 0.538925 0.542865 0.529327 0.54556 0.520899 0.577416 0.590222 0.641042 0.579091 0.613671 0.58087 0.551308 0.568739
0.539613 0.562144 0.53294 0.54125 0.516874 0.52423 0.541623 0.494047 0.476021 0.473984 0.488125 0.495877 0.531838 0.549597
0.569369 0.583201 0.556954 0.534999 0.557444 0.562453 0.572687 0.5519 0.557996 0.547287 0.543715 0.567599 0.57366 0.574953
0.585031 0.597186 0.586137 0.58156 0.59153 0.601457 0.588176 0.630931 0.636632 0.629164 0.622946 0.618909 0.622131 0.613192
0.664656 0.662949 0.654075 0.647638 0.620405 0.606674 0.602148 0.609149 0.58983 0.591 0.607106 0.633302 0.622968 0.648389
0.594144 0.637541 0.651157 0.685825 0.664771 0.678975 0.623377 0.568538 0.592514 0.605473 0.645993 0.693818 0.660372 0.663432
0.603656 0.606555 0.615619 0.626766 0.622716 0.625055 0.643906 0.63433 0.60717 0.623869 0.61363 0.62242 0.644032 0.628006
0.590881 0.611966 0.653957 0.60958 0.654344 0.631572 0.623048 0.665337 0.714246 0.699144 0.690241 0.622017 0.674666 0.649038
0.686793 0.645183 0.640439 0.61595 0.62802 0.643594 0.686022 0.70324 0.733639 0.688374 0.656346 0.653463 0.712749 0.751452
0.670497 0.689875 0.639625 0.63437 0.610848 0.596883 0.71397 0.652232 0.767423 0.704631 0.717843 0.708671 0.696936 0.683993
0.563579 0.613727 0.66024 0.623403 0.642813 0.595708 0.616743 0.568154 0.544046 0.563536 0.576751 0.629039 0.646084 0.633853
0.628161 0.628499 0.628614 0.646435 0.652647 0.646158 0.608763 0.61717 0.620882 0.595619 0.614194 0.645636 0.644947 0.642765
0.535088 0.554376 0.530127 0.519358 0.486502 0.490739 0.540615 0.530275 0.649881 0.578416 0.59182 0.589575 0.548174 0.595491
0.583964 0.593976 0.613981 0.590269 0.599269 0.598463 0.577716 0.546873 0.609802 0.606966 0.605837 0.626185 0.612273 0.611949
0.553448 0.595731 0.60347 0.579549 0.587679 0.585084 0.568569 0.564616 0.683171 0.61752 0.676171 0.651633 0.624771 0.621256
0.574312 0.619622 0.639009 0.663582 0.647737 0.635855 0.645308 0.629256 0.607032 0.61828 0.633077 0.655235 0.644608 0.673843
0.563839 0.61931 0.602956 0.57842 0.55543 0.574469 0.60771 0.610729 0.610028 0.609895 0.623714 0.59462 0.647813 0.668692
0.533428 0.559874 0.602797 0.592099 0.593311 0.574908 0.532732 0.55142 0.568195 0.587679 0.593613 0.572075 0.579618 0.578932
0.573724 0.58419 0.583394 0.566141 0.563687 0.553008 0.574482 0.556425 0.624217 0.610457 0.567873 0.607671 0.605056 0.629558
0.545597 0.547473 0.561135 0.530377 0.526339 0.521435 0.520548 0.529016 0.558479 0.5214 0.516943 0.517758 0.547163 0.560118
0.471375 0.498163 0.505214 0.526549 0.494039 0.494951 0.50981 0.499129 0.485653 0.483219 0.503739 0.53037 0.531397 0.556669
0.460406 0.445492 0.45753 0.45023 0.467028 0.470965 0.48815 0.484892 0.496719 0.479037 0.487954 0.480812 0.50214 0.481278
0.427958 0.44014 0.458263 0.46456 0.459334 0.470639 0.492065 0.473745 0.443029 0.454111 0.447235 0.473172 0.498462 0.494802
0.562255 0.578391 0.586067 0.576568 0.5763 0.569946 0.576353 0.569523 0.592879 0.578517 0.585851 0.590736 0.596759 0.601281
539
Appendix 5.3 Water (g/cm3)
Layer 05 Layer 05
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.515585 0.486539 0.43704 0.467572 0.486182 0.470577 0.50269 0.462057 0.435839 0.436315 0.439344 0.456299 0.439053 0.431665
0.475841 0.453466 0.467695 0.517702 0.499399 0.473144 0.488734 0.44956 0.458635 0.441702 0.438978 0.431944 0.440866 0.430861
0.61879 0.583406 0.559514 0.549427 0.565324 0.544119 0.561137 0.536063 0.532576 0.55503 0.569356 0.566014 0.558409 0.544837
0.594461 0.599053 0.547236 0.528417 0.487336 0.447608 0.547308 0.488782 0.479935 0.511943 0.491596 0.533365 0.51259 0.490744
0.54698 0.549054 0.496024 0.542502 0.532936 0.490795 0.518413 0.504699 0.501423 0.477704 0.509281 0.488853 0.485771 0.44845
0.56047 0.531987 0.54809 0.564494 0.554952 0.565343 0.52306 0.53186 0.545691 0.529 0.533618 0.496771 0.53222 0.506368
0.628427 0.608992 0.608344 0.590989 0.55928 0.57524 0.550405 0.55477 0.539335 0.55114 0.583229 0.56186 0.639775 0.545111
0.64381 0.612304 0.614648 0.610385 0.67051 0.661554 0.676133 0.606264 0.588394 0.566484 0.581269 0.583724 0.607275 0.610201
0.670755 0.700128 0.632946 0.672911 0.661476 0.643568 0.607538 0.646532 0.630465 0.613655 0.664344 0.64967 0.656531 0.604363
0.663773 0.657583 0.597888 0.579149 0.59684 0.563119 0.585633 0.565142 0.582679 0.593932 0.616955 0.633479 0.66121 0.574711
0.674207 0.636456 0.725997 0.668136 0.636035 0.609648 0.556143 0.627948 0.608531 0.601636 0.644695 0.698443 0.654631 0.628109
0.723441 0.677456 0.702048 0.722227 0.686011 0.719298 0.676218 0.723648 0.662001 0.634968 0.661882 0.663282 0.661174 0.640695
0.729823 0.73887 0.690012 0.641377 0.592502 0.541913 0.636358 0.579208 0.591848 0.622513 0.596347 0.642497 0.58848 0.557645
0.628673 0.637448 0.591382 0.634822 0.628878 0.607728 0.584409 0.591343 0.612374 0.585539 0.620478 0.630713 0.588943 0.570296
0.662909 0.659952 0.612159 0.653426 0.662101 0.600619 0.589145 0.648654 0.579843 0.595812 0.608787 0.594495 0.667308 0.579137
0.567636 0.579092 0.514916 0.550367 0.528432 0.497014 0.558848 0.497934 0.507455 0.527711 0.497158 0.4916 0.491938 0.440526
0.595851 0.602316 0.602507 0.602402 0.60921 0.634733 0.581962 0.618529 0.595782 0.598519 0.615691 0.590592 0.636737 0.579906
0.650747 0.650615 0.578352 0.596696 0.585949 0.510325 0.627823 0.548694 0.55744 0.575851 0.559014 0.597797 0.55353 0.517013
0.686046 0.702775 0.622489 0.597856 0.605061 0.575855 0.612835 0.592887 0.612916 0.617604 0.653684 0.633139 0.671262 0.647416
0.646999 0.665948 0.579734 0.636605 0.627467 0.570214 0.593727 0.584622 0.614669 0.610842 0.649115 0.643813 0.649719 0.550554
0.608226 0.6014 0.587285 0.535483 0.569754 0.556824 0.609826 0.566861 0.556049 0.57974 0.617263 0.613624 0.62495 0.614387
0.616308 0.602616 0.599549 0.658001 0.602799 0.634441 0.581857 0.637946 0.588634 0.59659 0.612655 0.569847 0.608345 0.567725
0.54022 0.497629 0.545487 0.568852 0.593202 0.575261 0.593309 0.551174 0.545523 0.513869 0.553497 0.540371 0.531401 0.498796
0.53998 0.540294 0.486137 0.504146 0.509694 0.502621 0.523055 0.499831 0.505726 0.496173 0.518244 0.511379 0.535039 0.527674
0.517567 0.505308 0.492907 0.483876 0.48462 0.47757 0.490139 0.481116 0.485261 0.505652 0.508706 0.526981 0.560148 0.470212
0.502709 0.50825 0.468861 0.516585 0.497354 0.449564 0.474205 0.47119 0.472528 0.454281 0.48511 0.471981 0.484699 0.443519
0.608086 0.599575 0.573433 0.5844 0.578204 0.557642 0.571189 0.560281 0.553521 0.553623 0.570396 0.570097 0.578539 0.539266
540
Appendix 5.3 Water (g/cm3)
Layer 05 Layer 05
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.450556 0.43356 0.399238 0.383805 0.382372 0.396827 0.385312 0.395167 0.349685 0.341715 0.337096 0.325531 0.328514 0.330299
0.423799 0.431093 0.419321 0.430156 0.425348 0.407285 0.401819 0.414177 0.352954 0.351488 0.357089 0.366423 0.350358 0.310468
0.530484 0.486466 0.474682 0.500012 0.541749 0.519639 0.511965 0.509898 0.466975 0.425629 0.429348 0.391664 0.406007 0.400981
0.486812 0.445513 0.462816 0.534358 0.535008 0.53135 0.518031 0.49293 0.528 0.545476 0.468831 0.483883 0.469061 0.485226
0.480886 0.483302 0.466346 0.486315 0.482957 0.466969 0.456544 0.495449 0.425853 0.415848 0.451317 0.428006 0.442239 0.44722
0.48587 0.511639 0.51718 0.529174 0.513864 0.525612 0.524458 0.504078 0.47702 0.441711 0.44933 0.416761 0.448744 0.420873
0.570236 0.57843 0.563382 0.543185 0.536768 0.545908 0.550975 0.546878 0.534475 0.500302 0.537073 0.521241 0.470087 0.469868
0.604587 0.639155 0.58099 0.595533 0.583338 0.632397 0.61005 0.58473 0.560673 0.556558 0.588101 0.53002 0.544074 0.511994
0.58349 0.599407 0.631354 0.621962 0.61655 0.583235 0.599369 0.587421 0.56494 0.533988 0.540885 0.519656 0.513799 0.555958
0.61656 0.561734 0.594874 0.60721 0.63158 0.592821 0.589137 0.623203 0.537192 0.513 0.559624 0.539823 0.51357 0.481225
0.690047 0.6773 0.604397 0.58978 0.603817 0.555114 0.552794 0.578602 0.646387 0.61999 0.569268 0.539032 0.552652 0.518879
0.702861 0.726644 0.615587 0.637553 0.64896 0.612188 0.642404 0.645792 0.6113 0.576804 0.558165 0.525852 0.610478 0.562034
0.573426 0.558243 0.574069 0.584137 0.603519 0.643865 0.634626 0.632804 0.613199 0.61751 0.556076 0.570245 0.57251 0.576198
0.562141 0.602574 0.607167 0.611766 0.579712 0.544209 0.570684 0.575632 0.50426 0.516446 0.534368 0.524453 0.530172 0.549263
0.614142 0.562725 0.570181 0.588933 0.612431 0.576325 0.541809 0.571803 0.564074 0.574771 0.577633 0.541169 0.542877 0.576904
0.4351 0.423604 0.465772 0.520305 0.519953 0.523092 0.487397 0.533173 0.499621 0.50381 0.474544 0.475216 0.499009 0.537761
0.577323 0.580489 0.570147 0.611203 0.573017 0.556568 0.570438 0.577818 0.584568 0.559737 0.557865 0.54062 0.567703 0.563312
0.524985 0.487037 0.521868 0.553513 0.592451 0.573391 0.562207 0.6159 0.530288 0.522423 0.49871 0.511623 0.527557 0.590338
0.630874 0.609722 0.649783 0.653266 0.689479 0.660938 0.686304 0.653264 0.627439 0.595994 0.606562 0.601586 0.570923 0.576832
0.595447 0.568033 0.583946 0.59182 0.584706 0.586907 0.581371 0.647425 0.561186 0.517639 0.57376 0.539964 0.535364 0.549557
0.609668 0.584016 0.558819 0.604363 0.644011 0.616035 0.632614 0.633059 0.635542 0.589277 0.615797 0.582168 0.5683 0.565968
0.573447 0.60696 0.580565 0.61617 0.585056 0.579409 0.588514 0.60456 0.586293 0.55002 0.566331 0.528174 0.581054 0.604824
0.555435 0.563868 0.528703 0.559814 0.566853 0.542671 0.528999 0.557873 0.546788 0.538039 0.53643 0.494114 0.55166 0.49573
0.523136 0.523916 0.525541 0.508043 0.526896 0.549586 0.574805 0.550146 0.509785 0.489359 0.483813 0.497548 0.461485 0.470015
0.515077 0.485167 0.479754 0.48229 0.488267 0.485773 0.474101 0.496551 0.455848 0.446983 0.457392 0.450254 0.445524 0.416048
0.485008 0.473416 0.454903 0.467761 0.470516 0.447307 0.455119 0.475839 0.398404 0.400869 0.423826 0.442438 0.421776 0.409455
0.5539 0.546308 0.538515 0.554324 0.559199 0.548285 0.547379 0.557853 0.525875 0.509438 0.511894 0.495672 0.500981 0.499124
541
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.290087 0.298966 0.291555 0.282405 0.259721 0.442419
0.304084 0.297857 0.303677 0.306825 0.282689 0.444206
0.397008 0.365548 0.39626 0.373705 0.338755 0.518479
0.461743 0.480218 0.425789 0.404203 0.390276 0.514429
0.422036 0.409697 0.393591 0.373001 0.375008 0.483813
0.411968 0.42917 0.446764 0.425808 0.435846 0.513882
0.465645 0.511604 0.493988 0.470761 0.492762 0.55229
0.466969 0.499161 0.495937 0.486338 0.460809 0.585305
0.538476 0.514564 0.500115 0.492811 0.491104 0.59789
0.483594 0.489853 0.496924 0.470675 0.492156 0.5786
0.509603 0.546638 0.479655 0.506542 0.482262 0.606034
0.509633 0.562111 0.538012 0.533908 0.558356 0.638215
0.560504 0.553605 0.536286 0.565048 0.514362 0.618852
0.531748 0.530651 0.540147 0.528934 0.506185 0.574819
0.572323 0.556052 0.540448 0.50121 0.515422 0.588363
0.53609 0.538383 0.490264 0.493858 0.488989 0.515383
0.572873 0.577917 0.569305 0.52995 0.536191 0.573901
0.570172 0.562627 0.53696 0.532854 0.533383 0.564263
0.605212 0.574802 0.611818 0.566491 0.527102 0.602939
0.519323 0.547339 0.560699 0.530561 0.53298 0.570205
0.571052 0.528379 0.586065 0.573104 0.501369 0.565691
0.575164 0.586098 0.565204 0.565058 0.566603 0.569063
0.495248 0.494327 0.473916 0.511248 0.484882 0.522117
0.445271 0.475561 0.469167 0.4561 0.448917 0.495788
0.422252 0.439009 0.427923 0.407076 0.43907 0.468555
0.399987 0.399877 0.393162 0.361046 0.397507 0.450256
0.54585
0.48608 0.491154 0.483217 0.471135 0.463566
542
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 06 Layer 06
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.529132 0.520525 0.514931 0.515843 0.520377 0.507868 0.502511 0.543019 0.561878 0.622806 0.621646
0.2 0.500764 0.48372 0.511537 0.484052 0.501638 0.488639 0.484711 0.514638 0.502478 0.515042 0.515296 0.544491
0.4 0.517212 0.523631 0.516017 0.512248 0.553107 0.569272 0.541702 0.568739 0.573086 0.58212 0.553692 0.632216 0.633461
0.6 0.532067 0.546488 0.534054 0.569194 0.570007 0.536816 0.529671 0.587226 0.582875 0.530267 0.54275 0.566214 0.587946
0.8 0.49316 0.486533 0.54371 0.525804 0.549167 0.534183 0.50746 0.542101 0.538012 0.560603 0.579194 0.573967 0.591175
d5 0.516046 0.523485 0.525192 0.525279 0.540472 0.524845 0.533075 0.539505 0.540581 0.602878 0.576489 0.595136 0.591904
1.2 0.532007 0.542115 0.539405 0.562249 0.534376 0.527597 0.612659 0.546189 0.554946 0.64016 0.59639 0.642475 0.659307
1.4 0.541847 0.553749 0.57846 0.540457 0.551647 0.565612 0.585236 0.564075 0.57269 0.684585 0.67926 0.72509 0.724434
1.6 0.560532 0.608692 0.601535 0.604256 0.625937 0.57737 0.598928 0.596547 0.626992 0.606877 0.640951 0.657306 0.659525
1.8 0.595706 0.590215 0.603384 0.627882 0.635406 0.625236 0.570822 0.619165 0.649057 0.633059 0.622463 0.613041 0.665685
d1 0.67516 0.634211 0.584393 0.525245 0.5747 0.579893 0.690297 0.604925 0.600322 0.66325 0.627266 0.665646 0.657827
2.2 0.689647 0.660688 0.640679 0.572185 0.627816 0.627543 0.696983 0.663703 0.668731 0.733808 0.715216 0.79348 0.743252
2.4 0.605086 0.611702 0.633768 0.658758 0.677668 0.600914 0.599723 0.675685 0.659649 0.665939 0.678072 0.696526 0.709154
2.6 0.569569 0.608074 0.58481 0.593449 0.591339 0.578401 0.578507 0.582481 0.596471 0.540674 0.587472 0.608941 0.633229
2.8 0.516817 0.548923 0.543171 0.575744 0.623819 0.618972 0.566199 0.62891 0.664404 0.620466 0.634444 0.655984 0.666547
d2 0.504556 0.520771 0.526891 0.55476 0.586244 0.515953 0.529728 0.573474 0.5961 0.555648 0.600367 0.595355 0.611149
3.2 0.507781 0.554182 0.542179 0.526513 0.561737 0.54569 0.557114 0.58581 0.581117 0.591046 0.607726 0.656467 0.634003
3.4 0.523703 0.540046 0.533676 0.5568 0.56098 0.52336 0.543691 0.575479 0.61303 0.589612 0.598569 0.643263 0.653005
3.6 0.505056 0.53033 0.521189 0.571938 0.579825 0.556632 0.543099 0.56132 0.600345 0.611705 0.588764 0.607965 0.643315
3.8 0.49315 0.489454 0.536712 0.5274 0.567628 0.52572 0.534285 0.554813 0.559781 0.592324 0.599687 0.628298 0.650454
d3 0.511639 0.520563 0.504096 0.501738 0.523595 0.543343 0.532014 0.545263 0.560462 0.577607 0.553159 0.628644 0.633152
4.2 0.485829 0.493142 0.499154 0.547917 0.521512 0.526978 0.556288 0.549838 0.556698 0.605424 0.649329 0.625035
4.4 0.409106 0.436588 0.428118 0.4868 0.460811 0.496011 0.555914 0.57358 0.584414 0.578641
4.6 0.430879 0.446377 0.448913 0.473716 0.489776 0.476771 0.521231 0.545272
4.8 0.435225 0.440054 0.457572 0.478645 0.48893
s8d4 0.414361 0.417331 0.447356
Average 0.546881 0.55145 0.549969 0.546618 0.566042 0.544806 0.555015 0.565583 0.572424 0.586823 0.584098 0.614426 0.623073
543
Appendix 5.3 Water (g/cm3)
Layer 06 Layer 06
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.592499 0.584137 0.600811 0.608093 0.582704 0.566145 0.537192 0.519434 0.527697 0.518575 0.537683 0.554359 0.532908 0.53346
0.5525 0.561956 0.621158 0.581182 0.609527 0.553748 0.554871 0.558618 0.580621 0.570432 0.558033 0.544745 0.538648 0.541831
0.623236 0.634768 0.659366 0.632237 0.659811 0.661087 0.634111 0.63428 0.668682 0.65406 0.648775 0.623791 0.653616 0.64335
0.580445 0.590281 0.588351 0.573642 0.587282 0.563711 0.633118 0.6667 0.721767 0.646993 0.674793 0.638498 0.6084 0.625119
0.613523 0.634861 0.615716 0.620713 0.577388 0.583305 0.588787 0.545364 0.5257 0.525202 0.561695 0.553235 0.595987 0.597289
0.614562 0.623576 0.601005 0.582804 0.608349 0.624435 0.62503 0.59667 0.613498 0.606736 0.606794 0.611552 0.613379 0.630738
0.670642 0.68731 0.683784 0.676143 0.685637 0.692583 0.649233 0.714177 0.713338 0.697198 0.704125 0.701597 0.693549 0.673186
0.723653 0.712798 0.706329 0.70506 0.673781 0.668902 0.654487 0.655026 0.645198 0.650412 0.67363 0.677107 0.663038 0.707984
0.658887 0.693673 0.702223 0.739621 0.714618 0.733153 0.674951 0.636372 0.657646 0.674889 0.70717 0.759252 0.724888 0.725187
0.69251 0.698482 0.716902 0.726263 0.719386 0.716524 0.711468 0.71966 0.679734 0.690109 0.692461 0.703209 0.719082 0.689268
0.637954 0.646255 0.711446 0.656354 0.717817 0.686677 0.681316 0.735479 0.748932 0.732267 0.728047 0.665197 0.721189 0.729381
0.776135 0.722618 0.738091 0.704333 0.699752 0.714018 0.744232 0.769331 0.80573 0.758281 0.745082 0.721508 0.790948 0.811163
0.719885 0.721875 0.691211 0.682105 0.666067 0.645934 0.780177 0.726292 0.808787 0.738619 0.756546 0.75867 0.744898 0.765123
0.605104 0.655752 0.710054 0.675554 0.697 0.655884 0.670921 0.612145 0.595546 0.622186 0.640167 0.675722 0.690408 0.694509
0.709599 0.704159 0.720669 0.738129 0.728689 0.718469 0.659841 0.677824 0.682548 0.657774 0.703502 0.716548 0.719317 0.695245
0.608641 0.629472 0.608394 0.592988 0.554528 0.552127 0.592868 0.591413 0.722321 0.634138 0.66183 0.659708 0.605923 0.647353
0.642612 0.640224 0.66139 0.636256 0.645454 0.645224 0.624558 0.61331 0.679657 0.678042 0.662656 0.683324 0.672001 0.668951
0.620816 0.667674 0.662813 0.640933 0.64109 0.642882 0.650665 0.632409 0.765031 0.684068 0.734529 0.708792 0.678188 0.685943
0.637753 0.67697 0.690851 0.718354 0.698533 0.689468 0.705712 0.713092 0.683024 0.692062 0.696261 0.720587 0.712698 0.74238
0.650986 0.717032 0.70423 0.669869 0.642024 0.658515 0.671783 0.689232 0.681137 0.672957 0.704752 0.673309 0.725182 0.732861
0.598102 0.61482 0.655341 0.643361 0.642618 0.624322 0.581248 0.62475 0.642347 0.659309 0.653589 0.62901 0.641319 0.638596
0.648659 0.653404 0.670748 0.647755 0.630577 0.614664 0.622983 0.610919 0.687263 0.67703 0.650005 0.676858 0.676683 0.683247
0.593656 0.589837 0.605508 0.576626 0.573358 0.577399 0.567847 0.570925 0.612198 0.575965 0.575531 0.55567 0.585818 0.616281
0.527454 0.54724 0.549425 0.573313 0.534006 0.537185 0.558719 0.564253 0.546038 0.541511 0.553707 0.582653 0.585783 0.611669
0.530548 0.513333 0.534512 0.524617 0.542734 0.542277 0.539874 0.550602 0.5571 0.531233 0.551098 0.544202 0.560531 0.527971
0.484846 0.496286 0.529306 0.532969 0.513691 0.524683 0.536328 0.525296 0.490772 0.506801 0.516321 0.529084 0.55988 0.538939
0.627508 0.639184 0.651524 0.640741 0.636401 0.630512 0.632782 0.63283 0.655474 0.63834 0.649953 0.648776 0.654395 0.659885
544
Appendix 5.3 Water (g/cm3)
Layer 06 Layer 06
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.559159 0.52612 0.485807 0.514682 0.5254 0.516886 0.551268 0.503829 0.474283 0.476034 0.470088 0.481189 0.477708 0.471167
0.526949 0.504919 0.518053 0.562564 0.535354 0.509727 0.538083 0.491119 0.506763 0.492486 0.479448 0.468399 0.481181 0.474278
0.674963 0.635694 0.626215 0.604647 0.615971 0.603453 0.620185 0.591436 0.585372 0.607048 0.612779 0.599153 0.614944 0.598512
0.653161 0.661516 0.615767 0.5871 0.536515 0.497251 0.609736 0.543537 0.523312 0.568158 0.5375 0.576751 0.549793 0.539134
0.594705 0.606281 0.556354 0.584783 0.594128 0.546592 0.59084 0.554363 0.572863 0.551243 0.578599 0.568662 0.547339 0.50512
0.618052 0.591477 0.606155 0.612896 0.596041 0.610584 0.575746 0.582769 0.604642 0.590782 0.583387 0.538899 0.58119 0.558507
0.677796 0.675104 0.696265 0.681171 0.642317 0.646552 0.639802 0.644324 0.614025 0.60342 0.649663 0.627485 0.705684 0.616071
0.709826 0.677021 0.679539 0.66443 0.720188 0.713356 0.74497 0.662626 0.650552 0.632516 0.635397 0.633481 0.66248 0.672705
0.732982 0.769826 0.708718 0.742006 0.725318 0.713842 0.670783 0.719803 0.68394 0.675952 0.726799 0.707889 0.708272 0.660153
0.713903 0.72695 0.681147 0.667551 0.684318 0.631849 0.680642 0.653708 0.662585 0.649893 0.68439 0.705018 0.729576 0.648011
0.722827 0.693114 0.767475 0.732628 0.681562 0.69124 0.642801 0.716006 0.684706 0.670261 0.703115 0.74385 0.719046 0.695397
0.783067 0.738161 0.782755 0.770992 0.759261 0.796196 0.759655 0.790013 0.745154 0.725003 0.741235 0.760809 0.736551 0.716479
0.779583 0.808938 0.72913 0.701142 0.632626 0.606239 0.731379 0.653619 0.665068 0.692052 0.649479 0.685546 0.641935 0.617615
0.691307 0.707481 0.650417 0.690747 0.675968 0.655235 0.643111 0.645466 0.677059 0.653298 0.677906 0.683444 0.639842 0.627562
0.718321 0.724682 0.682187 0.700294 0.730788 0.664155 0.664241 0.70838 0.653996 0.683833 0.685467 0.685312 0.750912 0.650009
0.604997 0.639058 0.583664 0.619802 0.587018 0.543361 0.636049 0.56522 0.566916 0.568876 0.540153 0.538123 0.534934 0.48809
0.652269 0.660296 0.675693 0.663165 0.669647 0.705845 0.642908 0.688435 0.64593 0.659641 0.67617 0.64409 0.688728 0.634882
0.704091 0.707314 0.644658 0.648836 0.627873 0.554334 0.686928 0.596043 0.604732 0.623806 0.593393 0.629254 0.601677 0.560553
0.753603 0.775489 0.700274 0.666567 0.669813 0.646763 0.685579 0.665733 0.67224 0.687298 0.721134 0.691882 0.727784 0.712075
0.695013 0.738965 0.660817 0.732228 0.716261 0.637855 0.687929 0.678508 0.699099 0.668993 0.722908 0.718683 0.714837 0.617897
0.670562 0.663846 0.664282 0.598017 0.633732 0.628015 0.683818 0.639911 0.611522 0.64648 0.682739 0.673927 0.679787 0.679081
0.670102 0.663598 0.671674 0.705184 0.6685 0.703098 0.655391 0.700103 0.667748 0.685687 0.694175 0.660519 0.684027 0.639566
0.59826 0.553912 0.604923 0.618399 0.637951 0.621094 0.655486 0.605499 0.604914 0.574769 0.605017 0.586067 0.579179 0.549591
0.592977 0.594923 0.548188 0.562842 0.563359 0.563887 0.583981 0.560585 0.552497 0.550795 0.570549 0.559575 0.57989 0.580828
0.558144 0.56092 0.56557 0.558872 0.55696 0.536653 0.569227 0.55738 0.552435 0.555469 0.565532 0.588644 0.618617 0.53384
0.547368 0.561242 0.525498 0.558496 0.556002 0.501577 0.541513 0.517068 0.540802 0.525469 0.550798 0.54859 0.546359 0.497645
0.661692 0.660263 0.639662 0.644232 0.636264 0.61714 0.642002 0.624442 0.616275 0.616125 0.628378 0.627125 0.634703 0.597876
545
Appendix 5.3 Water (g/cm3)
Layer 06 Layer 06
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.489051 0.482925 0.445193 0.419651 0.417118 0.437605 0.421928 0.43299 0.391094 0.382927 0.378 0.356956 0.362387 0.364756
0.478922 0.470912 0.467999 0.475177 0.473077 0.441905 0.432716 0.457672 0.392245 0.391328 0.396933 0.417864 0.381967 0.352916
0.577835 0.543554 0.529425 0.551892 0.594111 0.574273 0.561339 0.558869 0.524174 0.47758 0.481176 0.432081 0.446356 0.438423
0.533228 0.486662 0.509808 0.588271 0.585258 0.588195 0.562036 0.5351 0.577837 0.614507 0.520329 0.526583 0.514103 0.540432
0.539262 0.529943 0.534397 0.547899 0.548929 0.537719 0.516651 0.570483 0.491049 0.467496 0.500166 0.47423 0.49023 0.488607
0.548946 0.557025 0.576831 0.585062 0.572571 0.571618 0.564195 0.555178 0.530123 0.49034 0.498724 0.473829 0.489311 0.478961
0.660781 0.670127 0.63931 0.603292 0.590898 0.606823 0.622932 0.608745 0.606973 0.581215 0.610716 0.609554 0.540552 0.535778
0.683633 0.696587 0.648494 0.654532 0.645447 0.68737 0.656191 0.646279 0.625481 0.617975 0.65222 0.60273 0.592836 0.586459
0.636116 0.657508 0.69706 0.680634 0.673022 0.640435 0.64837 0.635932 0.61571 0.597683 0.600239 0.56464 0.561605 0.619028
0.712643 0.64589 0.675229 0.671838 0.694285 0.657218 0.666114 0.699527 0.613439 0.598245 0.636637 0.634605 0.590852 0.547677
0.759668 0.741595 0.695693 0.708444 0.687595 0.606687 0.59721 0.620704 0.686529 0.663513 0.611173 0.581575 0.600446 0.565648
0.78827 0.795118 0.701957 0.720923 0.736659 0.697989 0.724522 0.737951 0.701711 0.646125 0.616544 0.57703 0.674515 0.61178
0.626341 0.606487 0.652151 0.696806 0.681841 0.703729 0.683742 0.677301 0.647724 0.658628 0.593148 0.614023 0.621161 0.629035
0.632458 0.655831 0.676881 0.673313 0.644028 0.589172 0.614589 0.635257 0.558616 0.57324 0.593202 0.597264 0.57801 0.626095
0.686806 0.614048 0.650959 0.658951 0.691411 0.658782 0.607637 0.654181 0.648642 0.646355 0.639758 0.596193 0.597579 0.62857
0.49804 0.484852 0.52707 0.57609 0.567832 0.5801 0.549636 0.592734 0.564748 0.584633 0.535917 0.553096 0.57377 0.61145
0.63072 0.635486 0.628143 0.671608 0.626806 0.612546 0.615502 0.623797 0.636319 0.619928 0.609478 0.582101 0.613326 0.619211
0.56759 0.539352 0.577847 0.608599 0.649398 0.632365 0.614943 0.671616 0.58743 0.583275 0.551566 0.558924 0.576775 0.644441
0.690242 0.669718 0.715882 0.716401 0.752298 0.726959 0.742285 0.708353 0.68508 0.665466 0.668938 0.653408 0.618758 0.633291
0.689806 0.656264 0.663516 0.656459 0.642896 0.653549 0.658114 0.724513 0.637514 0.598925 0.650124 0.630504 0.617127 0.623607
0.671363 0.64576 0.616974 0.664142 0.70392 0.679248 0.685792 0.689399 0.697721 0.661156 0.682683 0.635506 0.620265 0.629511
0.642164 0.666482 0.666954 0.698655 0.666309 0.666023 0.664665 0.691779 0.673268 0.618282 0.628962 0.583069 0.643856 0.660397
0.62949 0.616485 0.590157 0.616942 0.63026 0.589432 0.569163 0.616272 0.611548 0.601168 0.597265 0.565493 0.604299 0.567505
0.575156 0.578003 0.580079 0.558897 0.575706 0.606607 0.624538 0.598844 0.557757 0.548593 0.537351 0.540865 0.502149 0.519089
0.597562 0.560043 0.543881 0.534166 0.538341 0.540922 0.536451 0.555847 0.519688 0.521416 0.519805 0.52528 0.513429 0.473475
0.541217 0.516305 0.518559 0.525716 0.534 0.512728 0.514292 0.546661 0.45733 0.449874 0.468553 0.488253 0.465629 0.445766
0.618743 0.604729 0.605017 0.61786 0.620155 0.607692 0.602137 0.617153 0.586144 0.571533 0.568446 0.55291 0.553511 0.555458
546
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.310826 0.324201 0.320127 0.310825 0.289691 0.484967
0.345424 0.332001 0.333047 0.329992 0.306995 0.487174
0.424299 0.3938 0.435707 0.41005 0.377864 0.570514
0.512233 0.536598 0.463174 0.452688 0.430755 0.566528
0.463606 0.441961 0.433776 0.4279 0.409993 0.542167
0.470578 0.478246 0.493875 0.460254 0.47227 0.563551
0.529685 0.573691 0.558946 0.546639 0.542978 0.624862
0.534128 0.560545 0.546908 0.528375 0.500495 0.641839
0.597145 0.572629 0.540546 0.550629 0.544129 0.655789
0.550716 0.554102 0.565994 0.55184 0.547872 0.654341
0.551785 0.626924 0.555208 0.569486 0.546852 0.662037
0.555917 0.604697 0.591687 0.605403 0.607274 0.710606
0.606984 0.633246 0.620034 0.634367 0.58002 0.673999
0.605458 0.591634 0.593924 0.572105 0.54851 0.62888
0.625803 0.597847 0.593608 0.571485 0.562891 0.655513
0.606975 0.60349 0.551095 0.570858 0.538834 0.577003
0.625572 0.628761 0.606968 0.581016 0.58247 0.627708
0.603472 0.603238 0.585248 0.576283 0.590674 0.616293
0.663327 0.63218 0.6594 0.628797 0.578497 0.663079
0.591459 0.616695 0.632926 0.616942 0.587989 0.644875
0.632918 0.585555 0.63489 0.641824 0.554603 0.624549
0.630338 0.629316 0.621709 0.644435 0.617744 0.63647
0.567665 0.555311 0.521487 0.554675 0.527938 0.573934
0.488894 0.527694 0.50649 0.507083 0.492807 0.546134
0.48053 0.49277 0.482338 0.472054 0.483031 0.531161
0.436768 0.430621 0.432694 0.411171 0.434059 0.504257
0.604089
0.538943 0.543375 0.533916 0.527968 0.509894
547
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 07 Layer 07
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.583102 0.583307 0.583324 0.591907 0.578933 0.574502 0.57457 0.644014 0.670523 0.699052 0.693338
0.2 0.554788 0.543026 0.562762 0.55633 0.579043 0.561882 0.556324 0.591578 0.569039 0.576449 0.573122 0.601612
0.4 0.592447 0.578638 0.571473 0.564565 0.613848 0.62322 0.607085 0.621784 0.622024 0.662242 0.636588 0.69077 0.686501
0.6 0.59723 0.603393 0.588213 0.629376 0.63002 0.590021 0.592735 0.64631 0.629841 0.605561 0.618236 0.620852 0.637427
0.8 0.556594 0.564135 0.612912 0.600551 0.600293 0.608397 0.583365 0.605344 0.615346 0.60731 0.631208 0.616951 0.642616
d5 0.585386 0.581672 0.572373 0.596527 0.601379 0.592567 0.601423 0.604532 0.61408 0.667293 0.629849 0.64614 0.643954
1.2 0.588332 0.600203 0.604304 0.617291 0.611038 0.604873 0.702206 0.62328 0.633509 0.725033 0.663151 0.711962 0.728389
1.4 0.614631 0.616401 0.63111 0.613239 0.612957 0.638477 0.66184 0.63362 0.651897 0.758358 0.754268 0.804463 0.803368
1.6 0.619288 0.661402 0.657853 0.671941 0.707638 0.651653 0.665006 0.667935 0.710417 0.710648 0.757498 0.723779 0.727473
1.8 0.661988 0.651954 0.679913 0.693844 0.727923 0.716852 0.652588 0.708665 0.745486 0.696053 0.687392 0.674212 0.732712
d1 0.705024 0.685536 0.636654 0.622256 0.635822 0.687025 0.729845 0.670841 0.665392 0.717977 0.695612 0.728451 0.753746
2.2 0.702138 0.701078 0.691129 0.67548 0.691706 0.736827 0.732708 0.734374 0.736011 0.796815 0.785973 0.869726 0.846112
2.4 0.683642 0.705447 0.712154 0.749917 0.739487 0.681756 0.6849 0.751808 0.749185 0.716021 0.733775 0.739968 0.760896
2.6 0.628046 0.657759 0.638854 0.659254 0.666807 0.650658 0.6401 0.649285 0.672871 0.632214 0.694143 0.670476 0.696191
2.8 0.58775 0.612238 0.600841 0.634722 0.689839 0.683971 0.633929 0.692248 0.725819 0.705632 0.726075 0.717904 0.725897
d2 0.552084 0.591745 0.58146 0.622495 0.635438 0.579424 0.601804 0.635962 0.670074 0.612798 0.65341 0.642718 0.660525
3.2 0.573787 0.614265 0.589361 0.595204 0.62335 0.614725 0.627914 0.655578 0.658904 0.65108 0.672778 0.726242 0.69939
3.4 0.581269 0.591895 0.587635 0.624331 0.630196 0.592882 0.601964 0.649488 0.699938 0.673135 0.686213 0.691647 0.706856
3.6 0.5643 0.582756 0.572164 0.63049 0.639105 0.611145 0.607939 0.617081 0.648622 0.699198 0.672945 0.667466 0.695563
3.8 0.553549 0.568602 0.602863 0.597765 0.619944 0.600618 0.613646 0.618767 0.638561 0.655102 0.662735 0.683398 0.714491
d3 0.589367 0.58251 0.561558 0.558227 0.579836 0.600923 0.599021 0.602624 0.613434 0.64553 0.628971 0.68265 0.684679
4.2 0.557397 0.552118 0.564439 0.600679 0.590777 0.605856 0.616731 0.624739 0.613675 0.669943 0.703233 0.681404
4.4 0.485977 0.48442 0.509677 0.515146 0.513503 0.553224 0.604 0.643204 0.649036 0.669283
4.6 0.478827 0.503047 0.495334 0.517711 0.560329 0.551691 0.575179 0.595832
4.8 0.499026 0.497334 0.514691 0.535879 0.547719
s8d4 0.465506 0.465182 0.49728
Average 0.607203 0.612562 0.607776 0.61539 0.629625 0.617344 0.621037 0.63108 0.64249 0.657056 0.657032 0.673479 0.685894
548
Appendix 5.3 Water (g/cm3)
Layer 07 Layer 07
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.707937 0.675222 0.673812 0.67998 0.650073 0.63125 0.627187 0.609075 0.611908 0.596453 0.598693 0.607495 0.594254 0.616922
0.602536 0.621228 0.681739 0.649869 0.673163 0.616855 0.628906 0.609155 0.638502 0.62428 0.615561 0.601557 0.6011 0.62288
0.688854 0.693996 0.719657 0.696226 0.728337 0.735674 0.702251 0.698867 0.732185 0.732012 0.703243 0.691682 0.722143 0.712306
0.648338 0.647498 0.6413 0.631644 0.646039 0.631065 0.698836 0.735213 0.791581 0.720637 0.732449 0.707617 0.675497 0.688431
0.681218 0.69702 0.691116 0.705902 0.671443 0.683944 0.652472 0.626391 0.598409 0.598223 0.632295 0.620081 0.663982 0.658861
0.683326 0.695387 0.66025 0.651849 0.686156 0.700556 0.688148 0.666021 0.677995 0.668385 0.660861 0.678699 0.686207 0.704756
0.730513 0.758363 0.750115 0.756763 0.756613 0.773269 0.733607 0.778392 0.783619 0.762111 0.776931 0.775249 0.773006 0.770942
0.816808 0.804342 0.784609 0.789159 0.753367 0.743282 0.725701 0.72917 0.715675 0.71989 0.736314 0.748365 0.736822 0.78583
0.776373 0.792698 0.778517 0.822743 0.797552 0.818523 0.789185 0.74398 0.749638 0.771432 0.780438 0.833668 0.811689 0.842412
0.752768 0.764807 0.783886 0.80383 0.785085 0.796258 0.810472 0.78703 0.747853 0.754409 0.765376 0.778751 0.804027 0.787007
0.716665 0.743686 0.806454 0.764666 0.836303 0.790268 0.755167 0.813669 0.822495 0.822696 0.827536 0.774748 0.797111 0.807885
0.866806 0.819887 0.825942 0.810793 0.803908 0.817142 0.817635 0.848328 0.874936 0.845979 0.839941 0.83133 0.872406 0.891645
0.792611 0.781767 0.766976 0.768986 0.764455 0.74767 0.860706 0.831127 0.918972 0.837177 0.846681 0.847769 0.826872 0.840427
0.70923 0.74858 0.78645 0.750278 0.775847 0.729397 0.786286 0.721677 0.684668 0.713348 0.707174 0.742526 0.774855 0.811436
0.790688 0.780759 0.796177 0.823052 0.814512 0.809392 0.731419 0.747577 0.753528 0.738783 0.766987 0.795485 0.798597 0.765995
0.675374 0.687525 0.672987 0.667821 0.636317 0.639849 0.64923 0.669051 0.80723 0.712641 0.733922 0.727369 0.672408 0.70509
0.717709 0.715799 0.732359 0.710217 0.72313 0.717573 0.691522 0.681261 0.75278 0.751244 0.723723 0.755759 0.747639 0.740825
0.721678 0.750453 0.727088 0.703209 0.709492 0.716363 0.759434 0.746439 0.888161 0.78425 0.818393 0.780938 0.761916 0.793497
0.707879 0.741429 0.751693 0.790398 0.769409 0.772799 0.777633 0.788038 0.748761 0.772086 0.755866 0.798899 0.791967 0.819098
0.730023 0.800716 0.800747 0.773078 0.756653 0.777844 0.747384 0.788819 0.774802 0.767329 0.792486 0.753331 0.810027 0.806838
0.663079 0.671434 0.71539 0.707832 0.709742 0.69898 0.642886 0.692085 0.710429 0.739427 0.713622 0.701322 0.711526 0.70756
0.717986 0.717078 0.752273 0.739152 0.735466 0.716169 0.689986 0.694932 0.773161 0.770589 0.724592 0.754309 0.749994 0.753735
0.669026 0.678206 0.684865 0.669218 0.663642 0.660521 0.630178 0.634408 0.674366 0.651289 0.658137 0.647047 0.64354 0.684462
0.589854 0.608226 0.608534 0.64126 0.5975 0.60607 0.62176 0.624 0.604405 0.609287 0.604047 0.648872 0.650564 0.67603
0.584028 0.573046 0.594817 0.5922 0.60292 0.608888 0.618039 0.602142 0.616125 0.584032 0.609575 0.60284 0.628412 0.602668
0.528332 0.54793 0.5824 0.594524 0.562746 0.581424 0.613834 0.573477 0.537023 0.555677 0.569128 0.585448 0.625384 0.618138
0.702678 0.712195 0.721929 0.719025 0.715764 0.712347 0.70961 0.709243 0.730354 0.715526 0.718999 0.722737 0.728152 0.739064
549
Appendix 5.3 Water (g/cm3)
Layer 07 Layer 07
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.639803 0.583298 0.571934 0.586695 0.591105 0.582649 0.624741 0.566193 0.538005 0.535382 0.52502 0.531618 0.536838 0.524619
0.592711 0.575169 0.572725 0.629631 0.596527 0.569287 0.609874 0.56599 0.581794 0.561124 0.546924 0.529108 0.529035 0.525697
0.738116 0.70281 0.714403 0.683929 0.696567 0.685683 0.704567 0.671717 0.667175 0.674156 0.691504 0.669149 0.675592 0.651098
0.70867 0.726059 0.699249 0.666179 0.600699 0.558947 0.689621 0.622186 0.598114 0.628675 0.597793 0.636917 0.592048 0.581041
0.669306 0.670465 0.640543 0.665482 0.685989 0.634275 0.683201 0.636295 0.648133 0.621311 0.644597 0.648766 0.634964 0.573099
0.701408 0.657112 0.676722 0.688676 0.653535 0.670434 0.642093 0.660511 0.6808 0.661986 0.645344 0.604848 0.632424 0.617725
0.761056 0.767831 0.768926 0.763657 0.718937 0.725616 0.726761 0.74795 0.709964 0.691564 0.748485 0.713018 0.776753 0.684733
0.809453 0.75356 0.768823 0.743949 0.785722 0.778569 0.830662 0.747719 0.726531 0.706231 0.703783 0.710934 0.716682 0.744345
0.832225 0.855189 0.825129 0.835475 0.817181 0.805374 0.754828 0.809601 0.774727 0.757358 0.811558 0.779399 0.805383 0.722928
0.801775 0.831854 0.754986 0.745149 0.762444 0.711962 0.781704 0.756677 0.766825 0.745101 0.791754 0.798024 0.803335 0.723373
0.828303 0.808096 0.841856 0.805787 0.759093 0.757995 0.745703 0.796954 0.768169 0.782767 0.814628 0.863972 0.849011 0.822555
0.884069 0.840696 0.85382 0.843587 0.836985 0.862049 0.870893 0.876244 0.830971 0.819019 0.836634 0.863719 0.849165 0.84261
0.873824 0.893006 0.834711 0.788836 0.717387 0.692569 0.837902 0.738579 0.742944 0.771824 0.716323 0.770822 0.732442 0.695493
0.788256 0.786456 0.75751 0.782158 0.76588 0.742171 0.729582 0.724614 0.767244 0.733841 0.759467 0.752421 0.725649 0.690203
0.787332 0.805269 0.777903 0.794782 0.826143 0.757403 0.756981 0.815459 0.751407 0.778949 0.786757 0.782697 0.83565 0.709035
0.671032 0.692427 0.663558 0.685152 0.652728 0.604214 0.707272 0.645222 0.627247 0.628567 0.586605 0.602604 0.603848 0.53645
0.741268 0.734369 0.762738 0.738333 0.72909 0.768962 0.711266 0.776881 0.720732 0.73413 0.748809 0.721779 0.745189 0.700532
0.801021 0.790342 0.754283 0.735031 0.702296 0.627136 0.788403 0.669587 0.689417 0.700425 0.663256 0.693047 0.679472 0.624251
0.817471 0.850438 0.795051 0.758534 0.753826 0.733244 0.778742 0.765743 0.772069 0.762294 0.811216 0.77257 0.792734 0.768602
0.784349 0.817124 0.758324 0.827433 0.825636 0.737728 0.788065 0.787212 0.791985 0.771755 0.817055 0.835397 0.837858 0.694607
0.734657 0.738244 0.761201 0.685495 0.719502 0.720351 0.787972 0.731881 0.705031 0.721226 0.775541 0.75707 0.747467 0.747777
0.753057 0.729055 0.770815 0.791099 0.768576 0.806602 0.742589 0.800112 0.746672 0.769226 0.769555 0.749469 0.792421 0.716878
0.687679 0.646509 0.670978 0.683298 0.708348 0.674308 0.760521 0.664762 0.674293 0.654021 0.686142 0.669069 0.673322 0.656261
0.650678 0.661474 0.626996 0.643233 0.639682 0.645592 0.668048 0.6466 0.636816 0.627669 0.655452 0.639759 0.645227 0.63492
0.630097 0.64463 0.628955 0.622668 0.624618 0.605941 0.65033 0.654792 0.643225 0.653229 0.665073 0.681308 0.691414 0.594858
0.614907 0.642501 0.582525 0.621431 0.622991 0.562799 0.616912 0.599116 0.625309 0.603506 0.637007 0.620949 0.602798 0.548036
0.742405 0.738615 0.72441 0.72368 0.713903 0.693148 0.730355 0.710715 0.699446 0.695975 0.709088 0.707632 0.711797 0.666605
550
Appendix 5.3 Water (g/cm3)
Layer 07 Layer 07
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.544529 0.538365 0.504114 0.484967 0.465105 0.507813 0.48121 0.485652 0.462746 0.452327 0.434889 0.418788 0.417419 0.387227
0.528913 0.515721 0.529793 0.540587 0.537178 0.498434 0.49107 0.511081 0.448154 0.450427 0.439639 0.456905 0.426218 0.392274
0.634055 0.605313 0.595756 0.622725 0.660875 0.622235 0.624641 0.617118 0.570247 0.517992 0.52755 0.479347 0.502569 0.480447
0.583971 0.543098 0.57772 0.668772 0.649935 0.638494 0.623492 0.593502 0.632298 0.664012 0.56737 0.581119 0.584096 0.592707
0.61301 0.584104 0.589583 0.605711 0.620701 0.58929 0.572515 0.620852 0.559244 0.559027 0.573175 0.553705 0.541851 0.541444
0.61053 0.620684 0.639446 0.643268 0.645868 0.639639 0.639506 0.620203 0.593433 0.561118 0.5597 0.543649 0.544918 0.513334
0.731688 0.73537 0.722534 0.686615 0.672032 0.686277 0.705544 0.677782 0.693108 0.666939 0.67628 0.667622 0.604033 0.602549
0.759931 0.781384 0.731575 0.715668 0.718021 0.768651 0.736508 0.730738 0.702509 0.702221 0.737568 0.692895 0.660054 0.641333
0.702761 0.731241 0.781565 0.786999 0.753918 0.736009 0.74133 0.701879 0.71397 0.70285 0.691138 0.664251 0.645536 0.662603
0.78739 0.711901 0.766537 0.761262 0.787832 0.738996 0.747602 0.78217 0.699368 0.687652 0.709933 0.698033 0.663575 0.622929
0.834438 0.816137 0.776735 0.77221 0.748847 0.703575 0.690487 0.716258 0.75626 0.7358 0.719845 0.691394 0.660522 0.649155
0.861912 0.869203 0.783329 0.792909 0.799669 0.807091 0.841996 0.859772 0.772503 0.708114 0.719964 0.679055 0.737807 0.690322
0.701684 0.662771 0.710988 0.767386 0.765867 0.767676 0.752043 0.730622 0.729437 0.781824 0.673492 0.709417 0.683423 0.694465
0.695777 0.727022 0.7565 0.779453 0.723033 0.677444 0.703897 0.701178 0.645306 0.667483 0.677137 0.698121 0.657963 0.666621
0.758758 0.693362 0.73865 0.740542 0.769554 0.714903 0.670388 0.721196 0.710071 0.699991 0.700454 0.661343 0.676291 0.694462
0.557878 0.531341 0.58327 0.643265 0.637117 0.632503 0.605254 0.643306 0.636391 0.681544 0.605737 0.638493 0.63244 0.678725
0.700365 0.712585 0.708538 0.736824 0.699616 0.683774 0.688467 0.703348 0.712416 0.703333 0.689 0.667936 0.682525 0.674628
0.630201 0.601376 0.643125 0.705382 0.731948 0.730906 0.700908 0.742771 0.684758 0.690729 0.628567 0.654044 0.661046 0.680745
0.755246 0.749941 0.811343 0.81254 0.833312 0.785221 0.820643 0.785029 0.748313 0.713774 0.726746 0.719912 0.697313 0.68863
0.784751 0.727828 0.736024 0.727598 0.726081 0.716106 0.725919 0.784734 0.722002 0.70346 0.743443 0.735478 0.685126 0.701988
0.740718 0.725917 0.694724 0.745673 0.78446 0.736663 0.759871 0.764023 0.766187 0.724135 0.746945 0.704529 0.701103 0.687125
0.726319 0.731003 0.737376 0.776612 0.75198 0.728164 0.738346 0.748134 0.757351 0.732218 0.723415 0.679746 0.708693 0.737447
0.689251 0.671137 0.660997 0.669965 0.681645 0.687027 0.659363 0.723194 0.680028 0.672045 0.703957 0.671671 0.658511 0.640288
0.63598 0.653697 0.65842 0.63017 0.640855 0.658898 0.693336 0.662408 0.61086 0.595861 0.590177 0.600834 0.57061 0.574606
0.663804 0.62348 0.622325 0.607672 0.611264 0.610364 0.602042 0.619274 0.591653 0.594342 0.581303 0.579024 0.58197 0.548717
0.595618 0.566017 0.590035 0.59761 0.603879 0.576334 0.581815 0.609771 0.51562 0.511703 0.524009 0.537302 0.52126 0.509205
0.685749 0.670384 0.678885 0.693169 0.6931 0.678557 0.676854 0.686769 0.65824 0.649266 0.641209 0.630177 0.619495 0.613614
551
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.349059 0.368752 0.355387 0.346884 0.331897 0.550549
0.394909 0.366429 0.365665 0.366037 0.337513 0.545692
0.462124 0.436681 0.477382 0.455322 0.422427 0.632831
0.558134 0.598046 0.507733 0.500217 0.484808 0.627351
0.515828 0.494875 0.477891 0.475627 0.467969 0.610653
0.520402 0.517834 0.526335 0.513759 0.535911 0.627149
0.610682 0.635787 0.61679 0.611781 0.597891 0.699994
0.594717 0.615103 0.594228 0.607959 0.570726 0.716212
0.67195 0.650785 0.598901 0.612609 0.622591 0.74001
0.630177 0.618315 0.637838 0.641137 0.600359 0.733652
0.628267 0.698582 0.639801 0.640243 0.621542 0.745975
0.62821 0.665294 0.674097 0.665739 0.683835 0.793634
0.669887 0.705027 0.679537 0.700975 0.65153 0.753098
0.675226 0.666385 0.654324 0.631728 0.618825 0.708788
0.681794 0.669589 0.653048 0.638116 0.635694 0.73073
0.678873 0.678462 0.604267 0.617665 0.620765 0.641849
0.694239 0.684962 0.656574 0.662736 0.66221 0.698704
0.660191 0.673772 0.643343 0.640541 0.661556 0.694377
0.718561 0.699274 0.718313 0.690228 0.649234 0.734181
0.66695 0.702868 0.705439 0.684553 0.682428 0.729124
0.681136 0.645093 0.693804 0.719024 0.618657 0.694797
0.709254 0.705595 0.685854 0.708434 0.706035 0.714721
0.645271 0.611178 0.596822 0.620668 0.59842 0.647848
0.532747 0.592434 0.558902 0.567251 0.556836 0.610462
0.55927 0.558236 0.547236 0.545604 0.53576 0.599786
0.504975 0.482365 0.486655 0.471559 0.47556 0.56531
0.676497
0.601647 0.605451 0.590622 0.589861 0.575038
552
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 08 Layer 08
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.584435 0.580618 0.579777 0.598641 0.608412 0.589558 0.594271 0.653383 0.682994 0.701869 0.693098
0.2 0.562964 0.551195 0.562173 0.566234 0.601089 0.588012 0.583118 0.611371 0.603432 0.61221 0.612207 0.629091
0.4 0.606896 0.607158 0.594185 0.589261 0.642938 0.653166 0.634844 0.650368 0.645435 0.66422 0.663763 0.702609 0.699967
0.6 0.605215 0.617031 0.588467 0.627721 0.626193 0.596512 0.621954 0.663429 0.652547 0.613432 0.626497 0.618663 0.636075
0.8 0.571005 0.586664 0.632182 0.626101 0.640622 0.63681 0.597655 0.636698 0.651871 0.609302 0.635428 0.620909 0.639041
d5 0.602866 0.607575 0.593646 0.624147 0.630631 0.617848 0.628502 0.630829 0.634837 0.672158 0.661932 0.66195 0.660768
1.2 0.605867 0.621858 0.63788 0.672497 0.662496 0.655973 0.706666 0.678606 0.686538 0.727841 0.71367 0.722725 0.725195
1.4 0.64593 0.641402 0.663042 0.647737 0.660372 0.668289 0.67932 0.67012 0.689346 0.767497 0.762289 0.815912 0.798471
1.6 0.644855 0.673156 0.689675 0.692508 0.705932 0.67494 0.684845 0.685681 0.717085 0.732618 0.772557 0.737766 0.740267
1.8 0.680452 0.664697 0.692845 0.692947 0.743876 0.740393 0.675542 0.737229 0.76842 0.741708 0.726693 0.716519 0.768246
d1 0.710814 0.702806 0.660338 0.668522 0.685697 0.741624 0.732712 0.723653 0.717713 0.719027 0.752567 0.741649 0.760969
2.2 0.728555 0.725033 0.715269 0.705293 0.725296 0.771367 0.772154 0.76929 0.761492 0.800266 0.833121 0.900048 0.871564
2.4 0.691905 0.720359 0.711058 0.747293 0.734012 0.688173 0.716601 0.770573 0.775085 0.725926 0.743232 0.736967 0.758801
2.6 0.644651 0.672487 0.64968 0.657608 0.676421 0.671626 0.664572 0.67637 0.692772 0.670179 0.732285 0.712126 0.724864
2.8 0.615832 0.620293 0.629962 0.656728 0.68959 0.703459 0.650547 0.708959 0.730486 0.730383 0.744569 0.735862 0.741778
d2 0.577028 0.602225 0.608728 0.640238 0.632934 0.59907 0.618068 0.652007 0.676329 0.630508 0.664911 0.652598 0.669408
3.2 0.597025 0.624905 0.617023 0.612194 0.621028 0.636074 0.645535 0.671894 0.664961 0.669436 0.685578 0.739293 0.710041
3.4 0.595577 0.614353 0.609937 0.65056 0.663465 0.61657 0.627267 0.675609 0.722013 0.680097 0.723025 0.711549 0.73037
3.6 0.586495 0.590944 0.580223 0.629535 0.649958 0.634187 0.636104 0.645938 0.669529 0.740207 0.714441 0.712238 0.726431
3.8 0.570248 0.58932 0.636285 0.651635 0.672642 0.652913 0.617588 0.674847 0.694418 0.65766 0.710054 0.693287 0.711408
d3 0.619067 0.606141 0.589888 0.589815 0.625541 0.629376 0.614849 0.637504 0.648847 0.653372 0.63583 0.69253 0.680576
4.2 0.565708 0.579743 0.585133 0.601328 0.610332 0.624079 0.633479 0.629251 0.638102 0.688381 0.722733 0.697517
4.4 0.506684 0.517238 0.531217 0.528437 0.540201 0.583683 0.608201 0.654331 0.660839 0.669702
4.6 0.49713 0.526452 0.518737 0.534536 0.594548 0.585781 0.614315 0.622908
4.8 0.51852 0.507018 0.520375 0.535634 0.543279
s8d4 0.494165 0.496654 0.519797
Average 0.626331 0.629385 0.627986 0.635519 0.650184 0.642782 0.641697 0.659362 0.666854 0.672421 0.682334 0.691133 0.697294
553
Appendix 5.3 Water (g/cm3)
Layer 08 Layer 08
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.708088 0.693733 0.680672 0.677325 0.648262 0.633026 0.630555 0.606087 0.611253 0.608887 0.61016 0.612886 0.601402 0.630827
0.640201 0.644956 0.696819 0.659264 0.70213 0.648571 0.635741 0.624952 0.675939 0.648746 0.656004 0.615986 0.6154 0.631729
0.702598 0.708999 0.741017 0.727901 0.743663 0.745447 0.720468 0.71971 0.746351 0.754926 0.727566 0.714427 0.746815 0.733581
0.642632 0.662027 0.654689 0.634391 0.649497 0.62998 0.697674 0.736227 0.790016 0.736741 0.74366 0.706305 0.67646 0.694037
0.691757 0.707681 0.704176 0.708504 0.690321 0.704971 0.706392 0.658103 0.632225 0.635238 0.667411 0.653647 0.705339 0.692128
0.694447 0.708385 0.691275 0.69022 0.707234 0.712909 0.705702 0.688007 0.693261 0.689905 0.683749 0.701484 0.703761 0.721841
0.748324 0.759785 0.749866 0.77563 0.769335 0.78493 0.780797 0.780724 0.78116 0.76962 0.780814 0.794271 0.780718 0.792907
0.830959 0.82013 0.802914 0.79778 0.777133 0.767541 0.779063 0.764572 0.756072 0.762189 0.778665 0.791582 0.778577 0.827359
0.779179 0.804128 0.783405 0.817226 0.798501 0.826799 0.851948 0.799337 0.777806 0.797039 0.807725 0.836208 0.841249 0.87401
0.808548 0.804356 0.814919 0.82276 0.821487 0.83713 0.821461 0.807313 0.794997 0.787134 0.817341 0.804579 0.827991 0.797884
0.748594 0.757865 0.821249 0.791817 0.8545 0.806806 0.808248 0.819642 0.829205 0.835833 0.833059 0.797844 0.810532 0.831342
0.89293 0.845083 0.856673 0.856195 0.825348 0.836011 0.838976 0.876486 0.896712 0.872457 0.870281 0.859018 0.898437 0.921161
0.783276 0.795969 0.783623 0.772811 0.769077 0.745898 0.858357 0.832292 0.91681 0.855563 0.858936 0.845506 0.827487 0.845666
0.750094 0.772738 0.803224 0.756612 0.805049 0.764791 0.798768 0.735538 0.723685 0.740578 0.753924 0.765828 0.796549 0.82618
0.790093 0.789802 0.816179 0.828163 0.824164 0.821235 0.788841 0.806509 0.785971 0.764028 0.794405 0.798053 0.821087 0.789475
0.676754 0.695746 0.675023 0.662264 0.636059 0.644251 0.699489 0.716951 0.836158 0.735414 0.75859 0.728474 0.696307 0.730025
0.718122 0.723712 0.736032 0.705221 0.724158 0.724319 0.744842 0.731448 0.780669 0.776009 0.748281 0.757629 0.774839 0.768323
0.753292 0.785825 0.767189 0.748358 0.730782 0.73255 0.781415 0.771551 0.915312 0.812988 0.85082 0.815264 0.790348 0.819285
0.751084 0.769384 0.767978 0.801893 0.802419 0.812961 0.786109 0.808618 0.793345 0.801994 0.80561 0.818619 0.810819 0.830756
0.748928 0.802316 0.800432 0.791995 0.769297 0.789266 0.794771 0.79111 0.771941 0.774648 0.796458 0.77172 0.818268 0.82958
0.674558 0.684939 0.732849 0.715753 0.733449 0.723366 0.692997 0.727357 0.754172 0.785425 0.756025 0.743895 0.75405 0.746108
0.718127 0.725695 0.770855 0.743404 0.743944 0.727096 0.744676 0.750323 0.807849 0.797702 0.750847 0.757338 0.772189 0.777933
0.683704 0.690731 0.701278 0.673724 0.683917 0.686167 0.685781 0.664532 0.715308 0.691008 0.696811 0.688105 0.684424 0.725003
0.6269 0.631437 0.622191 0.650686 0.623087 0.637551 0.628574 0.640153 0.639909 0.632881 0.643464 0.664603 0.665751 0.685713
0.58109 0.589845 0.600669 0.592637 0.603147 0.607644 0.6141 0.601428 0.613653 0.59682 0.621422 0.605282 0.632717 0.612666
0.561194 0.568967 0.595632 0.603202 0.586992 0.61184 0.620588 0.588612 0.569211 0.577879 0.607502 0.600015 0.640669 0.626931
0.719441 0.728624 0.737339 0.73099 0.731652 0.729348 0.73909 0.732599 0.754192 0.740063 0.746905 0.740329 0.74893 0.760094
554
Appendix 5.3 Water (g/cm3)
Layer 08 Layer 08
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.650511 0.583269 0.585449 0.587553 0.596662 0.587251 0.628122 0.573986 0.548448 0.540939 0.52582 0.537315 0.546816 0.531738
0.617091 0.595533 0.608211 0.646931 0.619153 0.599599 0.636604 0.60162 0.607575 0.589657 0.562351 0.554773 0.558967 0.554772
0.750706 0.737637 0.734753 0.696565 0.710748 0.70486 0.739478 0.702193 0.682039 0.691614 0.71124 0.690963 0.689021 0.657815
0.708471 0.730806 0.703788 0.670066 0.60399 0.561475 0.688891 0.626044 0.605214 0.632574 0.603609 0.640341 0.604688 0.582782
0.695876 0.699432 0.649522 0.684843 0.689345 0.644173 0.688934 0.663928 0.677642 0.65519 0.660989 0.672323 0.659793 0.588085
0.705463 0.693789 0.694536 0.711395 0.666071 0.693057 0.675619 0.690698 0.697775 0.684507 0.669494 0.625642 0.648128 0.624621
0.78486 0.792305 0.792215 0.778121 0.751261 0.774873 0.779209 0.780325 0.772941 0.736564 0.756484 0.732848 0.782527 0.738429
0.839728 0.790235 0.779 0.772215 0.797548 0.804434 0.847707 0.784023 0.770223 0.749697 0.725734 0.742552 0.7466 0.766263
0.867653 0.888847 0.843063 0.831576 0.823503 0.808024 0.820279 0.81204 0.820994 0.789918 0.846965 0.82598 0.813668 0.766524
0.83754 0.870833 0.806674 0.769431 0.800313 0.756464 0.835004 0.817277 0.812064 0.790822 0.820248 0.846231 0.868567 0.760643
0.85599 0.841387 0.868675 0.821883 0.793818 0.805088 0.811433 0.841678 0.841246 0.839442 0.830709 0.890349 0.87097 0.873946
0.894591 0.884393 0.870956 0.863856 0.855193 0.890015 0.914741 0.916968 0.857092 0.846884 0.865567 0.891276 0.860274 0.848828
0.872133 0.898275 0.839901 0.794897 0.719668 0.694323 0.836459 0.742613 0.749919 0.776199 0.723338 0.775243 0.748032 0.696222
0.827063 0.810484 0.818412 0.806838 0.797947 0.785201 0.766683 0.773428 0.802147 0.77432 0.776249 0.792706 0.770707 0.739812
0.810513 0.842274 0.793064 0.804142 0.832794 0.767125 0.82985 0.819837 0.799888 0.820707 0.831375 0.831414 0.849766 0.756523
0.699503 0.719297 0.67797 0.678906 0.65531 0.601014 0.762402 0.645235 0.657546 0.653092 0.609222 0.635495 0.608983 0.567974
0.772994 0.761538 0.779126 0.734144 0.734913 0.771793 0.772732 0.779156 0.763014 0.765985 0.783641 0.765323 0.753236 0.743404
0.814815 0.84327 0.776827 0.756076 0.725031 0.651393 0.849814 0.712958 0.722372 0.731451 0.691514 0.723428 0.707499 0.623518
0.84987 0.880624 0.842973 0.780996 0.784698 0.775144 0.814324 0.815547 0.807811 0.802856 0.83505 0.810735 0.839337 0.814154
0.808256 0.842815 0.780979 0.843113 0.862481 0.787161 0.844162 0.820846 0.861554 0.820558 0.825452 0.858553 0.84398 0.747467
0.762631 0.775898 0.771541 0.712223 0.729762 0.744021 0.803817 0.769045 0.74816 0.767544 0.80109 0.791395 0.779973 0.771739
0.777483 0.763645 0.786527 0.800355 0.775803 0.817643 0.814546 0.805193 0.797003 0.812124 0.814786 0.799384 0.805973 0.767198
0.718468 0.675961 0.688711 0.708888 0.714189 0.691177 0.774682 0.69838 0.711609 0.697935 0.704247 0.696566 0.70076 0.682115
0.676002 0.683829 0.66524 0.662362 0.665202 0.681677 0.697745 0.688257 0.66573 0.659667 0.673984 0.670807 0.681528 0.672183
0.635805 0.650085 0.634146 0.623546 0.634917 0.615663 0.65482 0.66298 0.659142 0.657183 0.669677 0.690826 0.706127 0.59755
0.639757 0.665659 0.618302 0.640182 0.649151 0.595149 0.645548 0.638843 0.654581 0.635905 0.655826 0.652975 0.638562 0.579617
0.764376 0.766235 0.74656 0.737735 0.730364 0.715684 0.766677 0.737812 0.734374 0.727821 0.729795 0.736363 0.734019 0.694382
555
Appendix 5.3 Water (g/cm3)
Layer 08 Layer 08
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.54972 0.540394 0.509764 0.48515 0.480255 0.516301 0.495719 0.496908 0.470233 0.454968 0.439801 0.424641 0.417362 0.400216
0.561865 0.540142 0.539106 0.544833 0.541736 0.514303 0.489089 0.516568 0.476299 0.473892 0.458477 0.461585 0.442781 0.41165
0.654449 0.634174 0.608374 0.642073 0.678145 0.638849 0.636914 0.630136 0.594182 0.563949 0.555394 0.51497 0.531457 0.518464
0.582669 0.541945 0.58314 0.67183 0.665841 0.646864 0.6361 0.605601 0.641692 0.659891 0.566848 0.583878 0.580721 0.603443
0.635525 0.598579 0.608357 0.632896 0.64853 0.618421 0.602084 0.644329 0.575176 0.580226 0.571697 0.54606 0.558349 0.54905
0.624511 0.647542 0.660462 0.663365 0.658224 0.649885 0.65237 0.634892 0.622362 0.597281 0.585568 0.5832 0.568815 0.549341
0.734809 0.742856 0.739873 0.713157 0.705641 0.717372 0.741323 0.706172 0.711934 0.71348 0.695707 0.680553 0.652307 0.651123
0.787231 0.800393 0.754518 0.741631 0.743848 0.797827 0.769908 0.759719 0.722541 0.729607 0.743424 0.691221 0.676707 0.653399
0.747595 0.762033 0.773116 0.790522 0.774206 0.763332 0.781686 0.736872 0.716005 0.713351 0.699645 0.679321 0.666345 0.664081
0.851955 0.758825 0.781761 0.776202 0.80598 0.768607 0.750305 0.799329 0.757888 0.722851 0.743591 0.713869 0.690645 0.659088
0.849642 0.838623 0.805597 0.809118 0.789126 0.740638 0.731922 0.748992 0.787356 0.779248 0.742373 0.710686 0.710765 0.696338
0.886849 0.909557 0.809892 0.811451 0.807129 0.820164 0.855177 0.87389 0.799602 0.763323 0.763175 0.734087 0.772399 0.740976
0.69806 0.660778 0.717093 0.770779 0.78343 0.776708 0.765961 0.744506 0.740859 0.773767 0.669491 0.710693 0.678301 0.703713
0.744037 0.762787 0.770016 0.788346 0.742113 0.701876 0.712608 0.716248 0.696499 0.705332 0.707548 0.70937 0.686944 0.708452
0.803273 0.720705 0.739094 0.744292 0.784212 0.733425 0.707204 0.760674 0.718483 0.697336 0.70551 0.679156 0.688748 0.688212
0.592963 0.552586 0.575419 0.64617 0.654289 0.655995 0.637139 0.673785 0.6376 0.692242 0.610267 0.650523 0.65236 0.678941
0.74543 0.742122 0.699899 0.740223 0.718507 0.709157 0.724963 0.736792 0.713859 0.714811 0.69413 0.677971 0.70398 0.674705
0.65967 0.640791 0.66625 0.73014 0.749044 0.74831 0.716573 0.762866 0.721809 0.745235 0.668418 0.715157 0.693238 0.736977
0.802967 0.784751 0.825413 0.817438 0.838838 0.809847 0.817068 0.793301 0.795998 0.751628 0.758179 0.728281 0.724502 0.721693
0.788103 0.734801 0.752839 0.755069 0.762264 0.748789 0.763581 0.818563 0.741816 0.752575 0.764352 0.749736 0.739574 0.754163
0.768281 0.74471 0.718021 0.774805 0.812985 0.764404 0.795083 0.795499 0.788969 0.752285 0.753134 0.703982 0.719726 0.700861
0.770432 0.761957 0.737924 0.780852 0.767507 0.747988 0.780196 0.788992 0.766182 0.730317 0.730041 0.699784 0.724217 0.733098
0.716944 0.689219 0.689626 0.696826 0.712498 0.716472 0.700357 0.754277 0.705918 0.694938 0.710055 0.6724 0.675798 0.656404
0.677389 0.684746 0.669938 0.634963 0.645461 0.680273 0.691422 0.670532 0.650658 0.627829 0.616535 0.607767 0.593456 0.603221
0.667633 0.624632 0.621618 0.606772 0.626824 0.618173 0.61015 0.631813 0.595802 0.601104 0.587387 0.584951 0.581891 0.562639
0.63385 0.592459 0.600375 0.602058 0.609556 0.595426 0.579898 0.617226 0.549555 0.538558 0.546366 0.543379 0.542119 0.533526
0.712917 0.692773 0.690672 0.706575 0.711776 0.699977 0.697877 0.708403 0.680741 0.674232 0.657197 0.644508 0.641289 0.636684
556
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.354085 0.374777 0.360939 0.353979 0.349758 0.557225
0.413453 0.378783 0.369505 0.373787 0.353883 0.566002
0.494146 0.464555 0.48361 0.487212 0.443576 0.654376
0.558188 0.598584 0.516967 0.507166 0.502007 0.632737
0.525246 0.515906 0.501679 0.48933 0.503905 0.631293
0.554724 0.546764 0.539575 0.541119 0.540779 0.648691
0.660787 0.652333 0.644115 0.634947 0.635723 0.725898
0.611035 0.643989 0.62989 0.622381 0.6168 0.742605
0.667538 0.653929 0.630296 0.642142 0.642261 0.760163
0.662648 0.643507 0.654608 0.666651 0.641132 0.765984
0.674976 0.719228 0.669786 0.671251 0.658971 0.776431
0.673407 0.709951 0.680544 0.701394 0.705165 0.821721
0.668674 0.703629 0.693165 0.706411 0.666567 0.758518
0.713927 0.69693 0.669227 0.649673 0.650244 0.73689
0.675027 0.66841 0.694005 0.657853 0.633611 0.751083
0.672656 0.680696 0.632354 0.64698 0.641908 0.657873
0.687343 0.685818 0.685775 0.694182 0.686078 0.717089
0.708193 0.722631 0.659783 0.686985 0.695908 0.724222
0.752569 0.723029 0.726608 0.70652 0.682013 0.761543
0.721088 0.721226 0.735895 0.709894 0.725374 0.756169
0.700586 0.676037 0.737096 0.736304 0.668155 0.721467
0.703245 0.704351 0.729407 0.730798 0.703749 0.735466
0.665559 0.645692 0.632467 0.634415 0.635469 0.672632
0.558139 0.613356 0.565334 0.58042 0.584786 0.634323
0.56546 0.563026 0.556159 0.557055 0.574431 0.606306
0.529219 0.499151 0.491825 0.482185 0.499375 0.58732
0.697982
0.621997 0.623319 0.611177 0.610424 0.601601
557
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 09 Layer 09
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.535412 0.55264 0.547937 0.553555 0.560231 0.555774 0.554999 0.586411 0.619797 0.625231 0.624688
0.2 0.549314 0.5347 0.548213 0.553652 0.58407 0.566829 0.561941 0.564932 0.565304 0.561327 0.572384 0.589932
0.4 0.541489 0.571253 0.569289 0.557668 0.590652 0.607653 0.605216 0.616068 0.6026 0.606938 0.629854 0.669012 0.663116
0.6 0.560323 0.580071 0.565153 0.59726 0.602869 0.570984 0.58399 0.627317 0.631159 0.590825 0.598118 0.590916 0.6063
0.8 0.546615 0.545446 0.588823 0.582446 0.590989 0.605477 0.56838 0.611338 0.612968 0.584826 0.59349 0.595673 0.601764
d5 0.570345 0.569326 0.560464 0.582619 0.595131 0.588361 0.583478 0.586627 0.595525 0.623882 0.609768 0.60878 0.620417
1.2 0.576892 0.589493 0.607025 0.632854 0.632722 0.627371 0.657173 0.630435 0.648391 0.679787 0.662 0.669215 0.684273
1.4 0.5851 0.581716 0.606165 0.61413 0.626408 0.617128 0.623107 0.634 0.642651 0.690491 0.693761 0.731818 0.725587
1.6 0.617314 0.62608 0.642591 0.644679 0.651861 0.641731 0.651412 0.658296 0.67445 0.702833 0.721561 0.706372 0.69689
1.8 0.621671 0.621533 0.663391 0.658005 0.683952 0.684084 0.648128 0.700419 0.720464 0.678511 0.681927 0.675337 0.72622
d1 0.657163 0.660979 0.632448 0.637539 0.66044 0.712957 0.686127 0.683359 0.688202 0.691669 0.728875 0.723239 0.742054
2.2 0.644211 0.660225 0.656679 0.668932 0.68486 0.719488 0.706723 0.722359 0.708093 0.718914 0.76459 0.809163 0.787691
2.4 0.658638 0.683809 0.677355 0.703894 0.70101 0.658178 0.66664 0.715913 0.732416 0.67792 0.690918 0.683503 0.716799
2.6 0.616358 0.624524 0.605896 0.608852 0.624553 0.632643 0.635047 0.652544 0.656422 0.646127 0.683599 0.683734 0.68051
2.8 0.54792 0.584637 0.603632 0.621377 0.633887 0.65643 0.619479 0.670721 0.681878 0.66868 0.710135 0.703396 0.703685
d2 0.561068 0.580321 0.586425 0.615606 0.611971 0.573734 0.59768 0.631644 0.626798 0.591081 0.606962 0.607939 0.622791
3.2 0.568877 0.594327 0.587655 0.577098 0.593541 0.608265 0.600329 0.624243 0.628762 0.626204 0.637312 0.685341 0.670462
3.4 0.576957 0.591954 0.586077 0.627831 0.64206 0.594257 0.604413 0.653453 0.662923 0.636694 0.671754 0.679985 0.69911
3.6 0.536492 0.554435 0.554577 0.596722 0.599844 0.58695 0.606959 0.613655 0.627799 0.675911 0.666561 0.664353 0.681867
3.8 0.531382 0.549367 0.594306 0.605414 0.618356 0.624225 0.586493 0.645736 0.650468 0.631798 0.676346 0.678372 0.67556
d3 0.570418 0.575443 0.568059 0.56358 0.583432 0.5845 0.587576 0.605208 0.612133 0.599737 0.596938 0.650417 0.641888
4.2 0.528795 0.546318 0.545009 0.567344 0.579304 0.580068 0.590645 0.5891 0.593592 0.642841 0.678802 0.666951
4.4 0.488013 0.500358 0.509897 0.51105 0.523408 0.539451 0.569116 0.596455 0.615667 0.623592
4.6 0.459739 0.484564 0.489021 0.499205 0.533339 0.529647 0.544285 0.560851
4.8 0.485473 0.472563 0.48607 0.503422 0.519775
s8d4 0.469614 0.485172 0.493823
Average 0.583644 0.591574 0.594202 0.601321 0.612949 0.607541 0.605045 0.625172 0.62549 0.625726 0.635778 0.647751 0.654869
558
Appendix 5.3 Water (g/cm3)
Layer 09 Layer 09
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.634933 0.63638 0.62403 0.613047 0.624228 0.614515 0.605282 0.577677 0.591155 0.592897 0.590111 0.582931 0.573316 0.610924
0.595629 0.592693 0.636779 0.611381 0.652552 0.604034 0.608473 0.60588 0.618135 0.619249 0.612539 0.594362 0.592511 0.611194
0.652561 0.659116 0.680123 0.662862 0.678445 0.678719 0.674683 0.668752 0.698758 0.696964 0.677793 0.6631 0.685598 0.682491
0.615476 0.62918 0.621292 0.605096 0.621519 0.594856 0.665326 0.706412 0.757811 0.705605 0.708315 0.670063 0.647067 0.668996
0.643673 0.647488 0.646987 0.653164 0.651621 0.655991 0.652376 0.631675 0.61352 0.601447 0.63525 0.611924 0.636904 0.630198
0.648978 0.664976 0.63981 0.6412 0.658256 0.662566 0.655851 0.651124 0.649598 0.640965 0.647199 0.655941 0.649346 0.674502
0.698134 0.707778 0.688987 0.713943 0.709078 0.725243 0.723973 0.738536 0.72606 0.725646 0.740608 0.749898 0.727562 0.746131
0.747315 0.75449 0.732819 0.716632 0.750804 0.738699 0.748501 0.748982 0.742307 0.748365 0.766008 0.773073 0.75226 0.797736
0.725671 0.737047 0.720552 0.754756 0.75426 0.769533 0.787201 0.767808 0.75435 0.754785 0.769028 0.782796 0.760415 0.796178
0.757684 0.754869 0.756493 0.757024 0.752703 0.767294 0.767401 0.741439 0.746544 0.740189 0.765322 0.739175 0.755751 0.750646
0.729031 0.735283 0.790156 0.763096 0.823955 0.774591 0.770667 0.797419 0.814083 0.816877 0.811439 0.773346 0.779156 0.799955
0.795149 0.767792 0.775801 0.765615 0.792488 0.80653 0.808454 0.847596 0.866103 0.833005 0.837107 0.828193 0.86325 0.881003
0.730981 0.741104 0.719412 0.711335 0.708459 0.688312 0.796051 0.787632 0.852135 0.808551 0.815273 0.799157 0.771692 0.796339
0.696586 0.702321 0.732934 0.687781 0.754917 0.69954 0.736131 0.709002 0.70315 0.702385 0.716233 0.712744 0.724716 0.758544
0.734095 0.734427 0.749874 0.754864 0.752577 0.748903 0.738892 0.750533 0.73761 0.705232 0.740297 0.741609 0.75443 0.734352
0.629052 0.638752 0.616321 0.610139 0.592802 0.591876 0.668468 0.699538 0.773817 0.694668 0.706395 0.69037 0.66816 0.706849
0.67058 0.673538 0.675985 0.649127 0.667449 0.668935 0.690746 0.692388 0.725389 0.733089 0.710335 0.716461 0.722679 0.723362
0.716038 0.741337 0.713362 0.699335 0.687365 0.688017 0.747887 0.759942 0.862529 0.781394 0.80893 0.792963 0.762358 0.791752
0.698587 0.715813 0.705895 0.735673 0.736549 0.738048 0.734937 0.750373 0.740352 0.745731 0.752308 0.756575 0.740377 0.773231
0.696395 0.734374 0.735283 0.725821 0.722214 0.737212 0.735214 0.760702 0.751998 0.727802 0.756319 0.725677 0.743206 0.755393
0.6257 0.632583 0.668776 0.650091 0.666492 0.652597 0.646466 0.674127 0.69873 0.739649 0.707292 0.693869 0.694522 0.69881
0.68058 0.689983 0.718086 0.688739 0.692536 0.676651 0.691348 0.720698 0.772062 0.754178 0.723272 0.71934 0.719656 0.731512
0.635113 0.634382 0.640708 0.62174 0.637541 0.633623 0.65604 0.647434 0.660793 0.652192 0.648269 0.654065 0.656966 0.702121
0.561681 0.578396 0.568845 0.58678 0.600371 0.618186 0.604651 0.611185 0.618239 0.615005 0.622178 0.634907 0.635807 0.663841
0.550243 0.560741 0.55953 0.548964 0.561815 0.565574 0.570088 0.576916 0.587469 0.565059 0.599152 0.57558 0.590272 0.576217
0.52207 0.520559 0.546894 0.552594 0.551118 0.571191 0.573833 0.565416 0.554354 0.543763 0.576979 0.563913 0.581244 0.570504
0.668921 0.676362 0.679451 0.672338 0.684697 0.679663 0.694575 0.699584 0.71604 0.701719 0.709383 0.700078 0.699585 0.716645
559
Appendix 5.3 Water (g/cm3)
Layer 09 Layer 09
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.622736 0.573193 0.563751 0.556775 0.560178 0.545937 0.577415 0.532982 0.526783 0.523728 0.509532 0.508726 0.521752 0.49504
0.596243 0.572059 0.589907 0.629728 0.60206 0.587023 0.584905 0.5833 0.59065 0.566211 0.545879 0.539078 0.542521 0.545999
0.690971 0.659699 0.677155 0.65569 0.658058 0.659065 0.677552 0.652736 0.642349 0.643935 0.650538 0.634237 0.62383 0.593381
0.682554 0.704767 0.665623 0.629462 0.570818 0.532236 0.654759 0.595302 0.575694 0.605171 0.574197 0.610632 0.577943 0.529002
0.641533 0.630291 0.613187 0.620714 0.62634 0.596671 0.644263 0.629102 0.623088 0.616196 0.610716 0.621417 0.62425 0.563063
0.655706 0.649024 0.650667 0.674489 0.631555 0.640529 0.634698 0.646462 0.654391 0.640462 0.626165 0.586434 0.598567 0.587857
0.731026 0.741162 0.741233 0.743049 0.719476 0.724053 0.733222 0.731243 0.725896 0.68243 0.705037 0.685911 0.729559 0.703278
0.807429 0.768088 0.758857 0.721625 0.7528 0.742402 0.777359 0.731083 0.741871 0.719997 0.701554 0.701505 0.714743 0.727323
0.799902 0.801814 0.79574 0.755808 0.750722 0.748658 0.767965 0.771377 0.757177 0.7432 0.784588 0.764639 0.769667 0.733617
0.775163 0.799611 0.745133 0.728032 0.746279 0.713175 0.761489 0.758826 0.762073 0.738914 0.746656 0.780343 0.78517 0.695209
0.82792 0.812023 0.828542 0.769052 0.761341 0.763732 0.768399 0.802481 0.805628 0.797922 0.790209 0.840777 0.827491 0.816522
0.851693 0.846849 0.838243 0.814814 0.7966 0.818963 0.846757 0.852921 0.827465 0.817024 0.844082 0.839433 0.823831 0.779624
0.812362 0.840239 0.785777 0.761691 0.692126 0.653456 0.788904 0.700679 0.708102 0.717286 0.67587 0.726657 0.700668 0.66614
0.769019 0.734942 0.772169 0.726255 0.719765 0.726606 0.713481 0.727007 0.730526 0.728312 0.71158 0.729088 0.727234 0.709377
0.74633 0.753307 0.73081 0.75732 0.770893 0.716423 0.761794 0.76271 0.754231 0.764886 0.762745 0.761953 0.769607 0.683065
0.678765 0.693827 0.65687 0.647765 0.621612 0.577588 0.696337 0.616808 0.627353 0.633075 0.585574 0.612875 0.583338 0.552581
0.720017 0.712289 0.728887 0.702003 0.704946 0.722655 0.727948 0.732271 0.717759 0.708953 0.730858 0.716585 0.702464 0.709384
0.794172 0.814267 0.758941 0.72042 0.701831 0.627754 0.773528 0.683978 0.696024 0.705383 0.665272 0.692829 0.673719 0.624145
0.780571 0.793192 0.780247 0.736101 0.731137 0.726686 0.745478 0.765272 0.763087 0.747378 0.763568 0.754279 0.763611 0.737606
0.746917 0.754267 0.73384 0.764496 0.779547 0.726822 0.790923 0.771452 0.791843 0.772022 0.764018 0.783133 0.79359 0.712235
0.701819 0.699102 0.713188 0.67552 0.68595 0.704565 0.737587 0.721912 0.707801 0.708172 0.730386 0.735163 0.71531 0.706277
0.730863 0.718545 0.74193 0.749913 0.739119 0.755363 0.759378 0.747529 0.742827 0.756063 0.755521 0.740639 0.739541 0.738602
0.697586 0.652213 0.667703 0.678885 0.68107 0.668146 0.706277 0.668805 0.681563 0.677678 0.679416 0.673239 0.672744 0.664022
0.647126 0.671063 0.642508 0.626845 0.623977 0.632586 0.641202 0.638849 0.639816 0.638659 0.653167 0.635886 0.652347 0.62427
0.598032 0.611803 0.598352 0.58473 0.605029 0.568782 0.610334 0.616154 0.614801 0.611812 0.620933 0.639499 0.647846 0.576605
0.591027 0.595714 0.581412 0.578924 0.586003 0.549808 0.603898 0.600321 0.599885 0.598078 0.606157 0.596232 0.601385 0.552681
0.719134 0.715513 0.70618 0.692696 0.685355 0.670372 0.710994 0.693906 0.692642 0.687036 0.684393 0.688892 0.687797 0.654881
560
Appendix 5.3 Water (g/cm3)
Layer 09 Layer 09
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.499431 0.490751 0.481751 0.475993 0.467037 0.470734 0.439518 0.451327 0.440979 0.434225 0.41439 0.407268 0.403038 0.386913
0.52935 0.52124 0.518917 0.530076 0.519271 0.487894 0.465275 0.464283 0.452705 0.443592 0.427002 0.432372 0.421318 0.394212
0.604994 0.608576 0.557642 0.591536 0.611748 0.578174 0.587596 0.563661 0.531922 0.522812 0.509779 0.481286 0.510832 0.492512
0.536502 0.519817 0.568058 0.644151 0.648486 0.623187 0.613257 0.579342 0.588269 0.599911 0.52112 0.573606 0.547393 0.57336
0.613058 0.574578 0.567355 0.583817 0.61525 0.584768 0.556945 0.594455 0.549214 0.547646 0.540397 0.513655 0.524841 0.518631
0.587527 0.613496 0.615317 0.623903 0.618174 0.608113 0.613256 0.599295 0.589099 0.557078 0.550832 0.546989 0.536485 0.521027
0.696833 0.710224 0.683753 0.672104 0.667061 0.669476 0.692182 0.666556 0.675271 0.673092 0.664019 0.643097 0.627921 0.620184
0.720704 0.724923 0.709779 0.718998 0.717436 0.726894 0.69825 0.685321 0.679293 0.688975 0.693326 0.65385 0.648534 0.622784
0.720484 0.73092 0.721041 0.730126 0.733661 0.722052 0.723362 0.68028 0.683512 0.673958 0.661859 0.638728 0.626728 0.627385
0.789219 0.729037 0.727674 0.725892 0.738578 0.708322 0.684829 0.734299 0.686878 0.67673 0.690282 0.672332 0.667692 0.635438
0.79246 0.811592 0.782989 0.780739 0.763136 0.719369 0.703762 0.719361 0.72643 0.702849 0.668874 0.680585 0.674752 0.664042
0.802891 0.823906 0.753968 0.785354 0.772004 0.734006 0.765539 0.771076 0.740633 0.722866 0.713144 0.699173 0.743433 0.706561
0.663726 0.632682 0.660896 0.727286 0.741018 0.725022 0.71461 0.702688 0.702874 0.729959 0.639646 0.671465 0.653402 0.670346
0.719926 0.732178 0.728863 0.725712 0.717413 0.662661 0.666463 0.66094 0.664004 0.681789 0.688363 0.688413 0.647654 0.663531
0.742619 0.691919 0.677849 0.687124 0.707732 0.663776 0.652276 0.679859 0.643035 0.646949 0.648125 0.635077 0.662851 0.653333
0.556678 0.528727 0.566086 0.625145 0.63504 0.622862 0.616296 0.606085 0.603919 0.656976 0.578083 0.623973 0.609936 0.642721
0.707121 0.709883 0.646429 0.698175 0.679399 0.662005 0.676729 0.69545 0.677153 0.674377 0.662993 0.640521 0.67866 0.642744
0.627391 0.61874 0.65401 0.711209 0.721433 0.716736 0.690713 0.6892 0.687908 0.697205 0.615629 0.668046 0.653561 0.702668
0.738176 0.74491 0.756146 0.752593 0.754214 0.741498 0.758486 0.721906 0.720309 0.688001 0.692695 0.67439 0.685378 0.684827
0.764571 0.712872 0.703023 0.698051 0.725429 0.701304 0.702303 0.742396 0.700067 0.719942 0.725904 0.710762 0.706205 0.712625
0.710916 0.713026 0.652271 0.714316 0.736483 0.697574 0.733295 0.723174 0.714551 0.696041 0.697582 0.656545 0.694425 0.668106
0.733249 0.728255 0.694792 0.736583 0.728585 0.704142 0.738027 0.747258 0.728281 0.688674 0.689206 0.659808 0.691141 0.695268
0.672407 0.66026 0.678177 0.674355 0.691167 0.680326 0.677074 0.677694 0.668939 0.658101 0.669541 0.64428 0.632218 0.621828
0.613588 0.62008 0.632422 0.621949 0.627012 0.61978 0.613509 0.6074 0.61 0.599089 0.580784 0.582989 0.573891 0.584321
0.636993 0.597549 0.586365 0.572887 0.595096 0.58193 0.577439 0.598365 0.566327 0.566856 0.554186 0.550772 0.555511 0.533471
0.61485 0.574638 0.560632 0.556626 0.580141 0.557561 0.533413 0.560659 0.519788 0.515176 0.518982 0.515145 0.517498 0.504161
0.669064 0.658645 0.649469 0.667873 0.673539 0.652699 0.649785 0.650859 0.636591 0.633187 0.616029 0.610197 0.611358 0.6055
561
Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.368305 0.351837 0.349756 0.335529 0.331872 0.524264
0.390932 0.364826 0.357987 0.361074 0.334225 0.538985
0.461996 0.435024 0.438413 0.440133 0.416682 0.605921
0.531476 0.542808 0.493017 0.489558 0.479374 0.601719
0.495031 0.488971 0.478047 0.470097 0.46571 0.591396
0.523289 0.514756 0.509401 0.511198 0.499545 0.607514
0.629822 0.622361 0.613188 0.598548 0.600453 0.682365
0.62841 0.601233 0.605978 0.584785 0.578289 0.699074
0.62893 0.619959 0.601357 0.61707 0.594253 0.712516
0.630907 0.621951 0.602841 0.609728 0.605644 0.713175
0.645681 0.659328 0.636919 0.640041 0.617113 0.741436
0.685262 0.645057 0.648821 0.657731 0.664835 0.769243
0.637308 0.671269 0.659728 0.665906 0.629753 0.713716
0.67267 0.666344 0.643664 0.628868 0.620175 0.691546
0.62973 0.623276 0.628906 0.594861 0.595196 0.695735
0.630698 0.65534 0.613386 0.631636 0.612404 0.625026
0.655024 0.653816 0.652703 0.65438 0.648784 0.674597
0.668546 0.700478 0.638248 0.660567 0.648449 0.691395
0.703506 0.680555 0.659709 0.642465 0.632431 0.705183
0.677382 0.676855 0.698364 0.676714 0.678874 0.708236
0.662262 0.645182 0.674183 0.667477 0.631284 0.670341
0.66933 0.676245 0.693479 0.687028 0.656332 0.692355
0.624299 0.621762 0.613698 0.619085 0.605161 0.638907
0.579496 0.577213 0.547867 0.55078 0.55513 0.597933
0.538135 0.540506 0.528654 0.523446 0.535318 0.571143
0.49668 0.468414 0.467504 0.460175 0.467328 0.549479
0.65591
0.594812 0.589437 0.57907 0.576111 0.565562
562
Appendix 5.3 Water (g/cm3)
water (g/cm3)
Layer 10 Layer 10
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.522242 0.536829 0.531669 0.538276 0.544705 0.541735 0.536265 0.548082 0.579502 0.583487 0.576416
0.2 0.519188 0.528345 0.536967 0.538573 0.544962 0.539959 0.541433 0.545242 0.55074 0.550646 0.562438 0.576286
0.4 0.505282 0.535531 0.539747 0.540485 0.560257 0.566059 0.568007 0.579357 0.564816 0.578102 0.604706 0.610867 0.620392
0.6 0.517199 0.525762 0.53309 0.55299 0.551318 0.558277 0.571932 0.581635 0.596604 0.59002 0.608952 0.603764 0.617509
0.8 0.532177 0.534331 0.554915 0.548247 0.553894 0.564752 0.558976 0.564242 0.561571 0.559055 0.570447 0.571572 0.569363
d5 0.54861 0.548872 0.545321 0.561152 0.568851 0.569802 0.553989 0.568229 0.576594 0.588771 0.578817 0.587634 0.603894
1.2 0.539372 0.576075 0.597157 0.614469 0.608893 0.601623 0.634517 0.623671 0.631939 0.648231 0.634794 0.655991 0.673159
1.4 0.567476 0.56733 0.587516 0.594482 0.606944 0.598007 0.605555 0.614721 0.62299 0.64391 0.633793 0.670812 0.669832
1.6 0.587866 0.601986 0.627306 0.622157 0.621515 0.622836 0.620494 0.64228 0.651009 0.664531 0.697319 0.691099 0.677746
1.8 0.603931 0.610945 0.624248 0.621366 0.649219 0.642552 0.640042 0.655168 0.652837 0.642407 0.659439 0.646866 0.695557
d1 0.621114 0.627613 0.625091 0.620586 0.641651 0.665811 0.658406 0.659045 0.666683 0.66791 0.703643 0.703856 0.712773
2.2 0.607077 0.609985 0.620354 0.650469 0.638762 0.66865 0.665668 0.667044 0.67215 0.693511 0.738012 0.737622 0.737046
2.4 0.603281 0.625842 0.640603 0.6461 0.641774 0.638363 0.646782 0.666872 0.688833 0.671638 0.692273 0.696978 0.713018
2.6 0.580254 0.595419 0.596265 0.593885 0.615429 0.595265 0.613167 0.637981 0.627853 0.621092 0.665897 0.666442 0.666613
2.8 0.520985 0.578089 0.572028 0.591253 0.598062 0.603126 0.612139 0.626998 0.62787 0.645847 0.6827 0.679688 0.680438
d2 0.51804 0.525466 0.551955 0.570591 0.558401 0.559579 0.585224 0.585042 0.592081 0.589633 0.616121 0.617973 0.631676
3.2 0.533386 0.553028 0.553579 0.557473 0.554391 0.55983 0.553624 0.57311 0.59158 0.599911 0.600619 0.619581 0.624898
3.4 0.525159 0.538412 0.553328 0.58025 0.58651 0.575251 0.580529 0.606342 0.620285 0.632971 0.681393 0.695997 0.703043
3.6 0.513493 0.538341 0.54238 0.575185 0.581086 0.574453 0.585595 0.607937 0.602995 0.631477 0.640669 0.645676 0.664857
3.8 0.521921 0.532913 0.557358 0.574102 0.577034 0.584974 0.580833 0.593079 0.59774 0.607526 0.657097 0.647886 0.647314
d3 0.531486 0.539491 0.538109 0.545551 0.553545 0.544483 0.551449 0.56942 0.572499 0.570906 0.573604 0.593678 0.600377
4.2 0.493837 0.518712 0.526257 0.531345 0.536305 0.54153 0.548973 0.558146 0.569656 0.612327 0.620129 0.613463
4.4 0.475099 0.484314 0.498795 0.505521 0.510843 0.526402 0.533645 0.55618 0.568776 0.577428
4.6 0.443101 0.467857 0.483914 0.487162 0.508561 0.507863 0.533555 0.551773
4.8 0.439892 0.446819 0.469693 0.481789 0.497872
s8d4 0.452705 0.468695 0.477138
Average 0.551479 0.560879 0.569529 0.575476 0.580584 0.577297 0.582771 0.593711 0.592482 0.600198 0.6142 0.621648 0.629995
563
Appendix 5.3 Water (g/cm3)
Layer 10 Layer 10
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.594164 0.590552 0.595453 0.589493 0.596064 0.591972 0.587985 0.563761 0.556216 0.571123 0.569506 0.556557 0.563088 0.552205
0.588506 0.580818 0.594809 0.595924 0.599194 0.58614 0.588747 0.585766 0.581056 0.590761 0.579663 0.568112 0.579146 0.568193
0.628468 0.648185 0.637564 0.634237 0.634989 0.643985 0.643899 0.641 0.648555 0.635613 0.641345 0.634054 0.641963 0.635688
0.609487 0.630172 0.641801 0.622989 0.658481 0.644153 0.634661 0.66913 0.657513 0.666993 0.663286 0.653766 0.652076 0.666838
0.590997 0.593304 0.593401 0.605466 0.606969 0.614015 0.61662 0.59029 0.584377 0.585827 0.596268 0.601155 0.594437 0.619097
0.638624 0.645637 0.621675 0.614388 0.628838 0.627507 0.624957 0.620547 0.623633 0.61634 0.621351 0.618071 0.620091 0.629826
0.680115 0.679106 0.668516 0.683605 0.676521 0.687735 0.686045 0.698731 0.696413 0.697854 0.71272 0.705465 0.699819 0.693129
0.702299 0.707995 0.699328 0.690316 0.716556 0.713668 0.724265 0.731415 0.720642 0.730173 0.746821 0.745247 0.718407 0.716918
0.710264 0.707749 0.700156 0.722272 0.721256 0.728477 0.754148 0.731378 0.704541 0.717861 0.731888 0.730778 0.744147 0.746016
0.702695 0.706489 0.701019 0.707823 0.703967 0.713758 0.71988 0.698979 0.731243 0.723623 0.721614 0.723155 0.713941 0.729
0.706043 0.707897 0.725571 0.735835 0.751917 0.752804 0.741516 0.764099 0.769804 0.771814 0.769324 0.752354 0.742979 0.757003
0.764531 0.74634 0.727213 0.732039 0.742009 0.766059 0.763271 0.809925 0.785978 0.759729 0.789959 0.796542 0.810155 0.83545
0.71422 0.731057 0.728875 0.721206 0.740326 0.738272 0.765374 0.740939 0.735462 0.755792 0.759943 0.775903 0.762739 0.788354
0.6824 0.692287 0.682772 0.671384 0.693419 0.677382 0.703527 0.687743 0.688542 0.672797 0.684227 0.692355 0.702661 0.709784
0.683127 0.681749 0.695187 0.702878 0.700888 0.6982 0.689595 0.700197 0.707412 0.694733 0.698109 0.717145 0.705342 0.700187
0.620562 0.636161 0.632386 0.624121 0.624367 0.634448 0.632189 0.662762 0.673094 0.655503 0.660995 0.672851 0.670648 0.704288
0.65568 0.665683 0.634866 0.61909 0.622917 0.634294 0.65888 0.661613 0.662185 0.672714 0.669464 0.676085 0.661692 0.661577
0.712498 0.740629 0.73179 0.712213 0.721431 0.732963 0.72246 0.719492 0.731593 0.734068 0.749923 0.751657 0.769928 0.767476
0.678109 0.692002 0.684292 0.706179 0.705106 0.697905 0.699155 0.717211 0.723173 0.713085 0.72417 0.719441 0.720023 0.73205
0.644976 0.678795 0.681328 0.678108 0.676047 0.688031 0.683304 0.715287 0.717111 0.71228 0.711771 0.714751 0.703788 0.746295
0.603077 0.622078 0.627112 0.622582 0.624061 0.619661 0.618137 0.646083 0.647133 0.674493 0.669217 0.663452 0.650338 0.651063
0.647882 0.663459 0.664242 0.652034 0.644686 0.644878 0.663764 0.684015 0.696489 0.682017 0.680243 0.689184 0.664956 0.688607
0.588532 0.585445 0.610264 0.600542 0.611405 0.615172 0.628461 0.632903 0.638645 0.634206 0.634082 0.643181 0.643038 0.650982
0.547112 0.554931 0.551838 0.561757 0.573155 0.58586 0.573657 0.578544 0.593273 0.591706 0.598907 0.598281 0.612364 0.616679
0.510241 0.524889 0.518532 0.513464 0.525558 0.526582 0.535054 0.544098 0.575586 0.552668 0.564844 0.562884 0.557505 0.559708
0.485539 0.48293 0.507057 0.515282 0.514124 0.533218 0.537287 0.528078 0.532923 0.537019 0.544342 0.548089 0.544782 0.546416
0.641929 0.649859 0.648348 0.647509 0.654394 0.657582 0.661417 0.666307 0.668561 0.667338 0.672845 0.673481 0.671156 0.679724
564
Appendix 5.3 Water (g/cm3)
Layer 10 Layer 10
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.570332 0.554804 0.541708 0.542503 0.539885 0.528535 0.526611 0.511929 0.514121 0.507964 0.496924 0.493313 0.501723 0.481289
0.561709 0.555367 0.556719 0.591543 0.576399 0.556065 0.557559 0.548658 0.562806 0.537112 0.529638 0.517988 0.521095 0.510859
0.644345 0.62953 0.63563 0.637764 0.631264 0.617074 0.620209 0.605734 0.606923 0.605647 0.594955 0.591575 0.595416 0.553814
0.672751 0.662196 0.657117 0.666349 0.641924 0.638809 0.648428 0.665323 0.64027 0.63681 0.639565 0.65012 0.65668 0.605064
0.613336 0.59523 0.601168 0.595095 0.591124 0.581681 0.591375 0.586602 0.584253 0.579196 0.572742 0.572142 0.567829 0.539906
0.626317 0.608951 0.621612 0.641416 0.607093 0.610456 0.596623 0.612992 0.612882 0.613074 0.581101 0.563239 0.566309 0.566652
0.70519 0.696536 0.718454 0.727554 0.706213 0.699842 0.692775 0.702598 0.694048 0.671211 0.660584 0.658506 0.691102 0.673313
0.730848 0.738397 0.736501 0.691994 0.713031 0.721141 0.70629 0.708949 0.707054 0.692269 0.672189 0.681485 0.684873 0.711775
0.770026 0.757926 0.753615 0.735017 0.732299 0.710859 0.723733 0.725316 0.725421 0.718533 0.742449 0.734648 0.731962 0.702042
0.734183 0.754992 0.726688 0.697613 0.69828 0.700171 0.697103 0.712117 0.717927 0.70214 0.705086 0.728073 0.728875 0.682092
0.774222 0.778682 0.784154 0.730461 0.73853 0.726335 0.737942 0.765816 0.762883 0.751523 0.75759 0.80886 0.785736 0.739526
0.808507 0.81497 0.787707 0.793134 0.766178 0.759438 0.773148 0.787535 0.779804 0.758881 0.764512 0.777062 0.785532 0.731535
0.790318 0.777673 0.775247 0.798796 0.774106 0.765746 0.781749 0.775066 0.771183 0.746398 0.746483 0.770341 0.776025 0.725373
0.712653 0.709327 0.728888 0.688966 0.691106 0.697955 0.683462 0.699244 0.697229 0.697244 0.691269 0.713803 0.707952 0.665889
0.716342 0.709826 0.72479 0.72307 0.723571 0.705521 0.694283 0.714839 0.707569 0.731931 0.707357 0.695065 0.702121 0.66794
0.667669 0.65196 0.647506 0.679891 0.687106 0.67444 0.684132 0.680519 0.68622 0.660499 0.64868 0.654304 0.663095 0.62942
0.671102 0.673305 0.683585 0.659831 0.661861 0.669005 0.65986 0.669623 0.66047 0.653355 0.654559 0.656342 0.658549 0.66411
0.776653 0.759203 0.74357 0.750568 0.773914 0.738333 0.760134 0.747792 0.765042 0.739075 0.742512 0.733606 0.756039 0.70091
0.742866 0.748542 0.744438 0.724013 0.716616 0.70025 0.707417 0.736359 0.732781 0.730994 0.724564 0.738918 0.735339 0.709367
0.721101 0.72137 0.717528 0.733553 0.731944 0.705905 0.722011 0.719437 0.744526 0.724946 0.714652 0.724031 0.735779 0.703081
0.655126 0.666549 0.669711 0.657118 0.658034 0.65996 0.675226 0.66989 0.668789 0.666047 0.667827 0.685854 0.682742 0.659086
0.686882 0.682156 0.698383 0.729672 0.715522 0.701298 0.697499 0.689864 0.698134 0.702255 0.685631 0.682544 0.692785 0.670642
0.641714 0.639284 0.648788 0.668627 0.660557 0.651064 0.645931 0.655579 0.666332 0.657325 0.658633 0.660232 0.654534 0.65248
0.623536 0.629605 0.622733 0.614856 0.61272 0.611361 0.605964 0.61384 0.611899 0.627905 0.610218 0.609892 0.618729 0.598049
0.566608 0.579217 0.584153 0.560272 0.566117 0.55838 0.558677 0.578367 0.579184 0.581405 0.586424 0.596772 0.601472 0.565647
0.56838 0.563316 0.577172 0.55317 0.549445 0.541703 0.550756 0.562099 0.563488 0.57159 0.565017 0.544997 0.548609 0.541464
0.682797 0.679189 0.680291 0.676648 0.671725 0.662743 0.665342 0.671003 0.671586 0.664051 0.658506 0.66322 0.667342 0.640435
565
Appendix 5.3 Water (g/cm3)
Layer 10 Layer 10
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.489158 0.477678 0.470906 0.460078 0.450558 0.444505 0.425949 0.439259 0.426568 0.422315 0.404462 0.398658 0.390724 0.376735
0.512105 0.486948 0.483526 0.483781 0.478637 0.468154 0.453527 0.44635 0.436088 0.432366 0.421765 0.41682 0.402935 0.38584
0.569306 0.566719 0.547187 0.550615 0.569491 0.558791 0.546744 0.524657 0.503913 0.498187 0.488806 0.46925 0.477181 0.467625
0.598842 0.599127 0.604289 0.62091 0.617265 0.60697 0.610535 0.587728 0.597008 0.568216 0.564606 0.56796 0.541451 0.534829
0.560937 0.559674 0.555182 0.572082 0.573374 0.562011 0.544272 0.543519 0.529381 0.522688 0.518829 0.488747 0.494868 0.494018
0.571125 0.584289 0.595323 0.602667 0.590269 0.589785 0.582094 0.583952 0.570175 0.532563 0.532479 0.530282 0.51853 0.493072
0.671841 0.681689 0.669424 0.655521 0.634356 0.652239 0.661342 0.649607 0.643221 0.647263 0.635391 0.615635 0.60875 0.587509
0.701798 0.702364 0.690072 0.69732 0.694884 0.697068 0.670845 0.664758 0.655701 0.657889 0.671047 0.64019 0.631027 0.598424
0.703977 0.699595 0.702127 0.701295 0.6975 0.688835 0.69262 0.666172 0.664255 0.654518 0.643955 0.619113 0.602974 0.601651
0.729379 0.721075 0.71753 0.718816 0.698048 0.686858 0.672198 0.679713 0.670854 0.65425 0.673731 0.656246 0.646293 0.623975
0.76645 0.757037 0.720303 0.712444 0.701094 0.694441 0.683433 0.688784 0.688404 0.662968 0.646372 0.638439 0.63543 0.634833
0.732139 0.744969 0.711881 0.709942 0.699357 0.69996 0.705281 0.704024 0.694238 0.689599 0.682388 0.680923 0.688491 0.670682
0.748396 0.730394 0.714265 0.711213 0.713125 0.704135 0.712223 0.712541 0.702112 0.674107 0.67376 0.641628 0.628845 0.606898
0.702322 0.695724 0.679752 0.671365 0.669586 0.647085 0.650649 0.641341 0.642099 0.654329 0.678099 0.668294 0.628448 0.656928
0.670731 0.674877 0.672779 0.679885 0.657559 0.643581 0.636926 0.621324 0.614192 0.630228 0.625228 0.609234 0.639647 0.623122
0.616701 0.609306 0.599877 0.600994 0.602849 0.604319 0.611539 0.610436 0.610322 0.619819 0.620311 0.617405 0.600439 0.601418
0.656847 0.647569 0.630276 0.642818 0.625465 0.636128 0.622645 0.639228 0.635963 0.638319 0.631633 0.620838 0.630539 0.594903
0.70875 0.716582 0.718721 0.697755 0.698425 0.692105 0.691987 0.703103 0.700025 0.666899 0.666659 0.657923 0.641827 0.650438
0.727001 0.723995 0.735807 0.733759 0.726707 0.721459 0.72818 0.713327 0.702594 0.659612 0.672329 0.657008 0.666291 0.664022
0.681813 0.683913 0.669103 0.671646 0.667918 0.673593 0.682946 0.673374 0.676743 0.697177 0.707074 0.693196 0.677262 0.699066
0.668808 0.66314 0.640452 0.665044 0.685692 0.674159 0.682222 0.673353 0.67667 0.662468 0.668484 0.640014 0.648841 0.63379
0.685054 0.667111 0.673904 0.677477 0.668398 0.673623 0.6826 0.68732 0.67758 0.646388 0.649031 0.624455 0.628097 0.639038
0.64366 0.636945 0.638078 0.641963 0.656845 0.647389 0.650944 0.65214 0.643417 0.632787 0.650726 0.634064 0.614669 0.610901
0.592686 0.594921 0.619071 0.606356 0.594461 0.60288 0.586901 0.593531 0.584155 0.57751 0.557585 0.558231 0.556434 0.551328
0.588274 0.590828 0.578321 0.567842 0.562474 0.564998 0.566685 0.553779 0.553055 0.548204 0.540989 0.537491 0.537692 0.5239
0.555442 0.560729 0.556545 0.551516 0.540951 0.54135 0.521582 0.512692 0.499917 0.502263 0.50067 0.494387 0.499669 0.481775
0.648213 0.645277 0.638258 0.638658 0.633665 0.629862 0.626033 0.62177 0.615333 0.605882 0.604862 0.591401 0.586052 0.577182
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Appendix 5.3 Water (g/cm3)
Average
56 57 58 59 60
0.358399 0.342978 0.335034 0.321991 0.322431 0.503231
0.379797 0.351275 0.341532 0.343485 0.323256 0.516158
0.430497 0.417992 0.405402 0.412122 0.402821 0.571672
0.519419 0.509504 0.489855 0.481966 0.463952 0.604104
0.477447 0.472133 0.461512 0.450789 0.435158 0.560401
0.49744 0.491119 0.488228 0.4873 0.476574 0.581633
0.601827 0.590979 0.578868 0.563638 0.560802 0.655225
0.603653 0.582274 0.583253 0.56468 0.561939 0.670223
0.605225 0.595487 0.573977 0.5842 0.567032 0.683457
0.601234 0.595241 0.580379 0.598706 0.585124 0.680612
0.619828 0.629698 0.599039 0.599206 0.579915 0.705392
0.655301 0.629843 0.611998 0.613752 0.626826 0.722918
0.611219 0.622369 0.634809 0.631424 0.592831 0.709527
0.636798 0.630981 0.605718 0.607858 0.608635 0.664631
0.607633 0.597386 0.602999 0.573885 0.55928 0.660978
0.616248 0.61549 0.607156 0.616882 0.588114 0.624854
0.613448 0.628161 0.611451 0.608549 0.618559 0.631011
0.648948 0.653497 0.623934 0.635247 0.627583 0.691089
0.660113 0.642958 0.62183 0.615356 0.610002 0.679848
0.662859 0.659581 0.686793 0.661593 0.641151 0.673639
0.617155 0.619249 0.623017 0.625026 0.610373 0.632383
0.628377 0.650443 0.638166 0.626308 0.611938 0.647554
0.610709 0.608929 0.594225 0.598311 0.582447 0.615159
0.553165 0.547923 0.517228 0.518965 0.520357 0.573943
0.511321 0.514553 0.505793 0.512979 0.517015 0.545126
0.479653 0.450131 0.451116 0.445057 0.438862 0.522823
0.62953
0.569527 0.563468 0.55282 0.549972 0.53973
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Appendix 5.4 Thickness (cm)
thickness (cm)
1 2 3 4 5 6 7 8 9 10 11 12 13
d6 0.141 0.144 0.147 0.148 0.155 0.16 0.163 0.166 0.169 0.169 0.17
0.2 0.148 0.149 0.157 0.159 0.16 0.168 0.167 0.175 0.176 0.18 0.18 0.18
0.4 0.147 0.147 0.149 0.153 0.155 0.163 0.17 0.174 0.175 0.177 0.174 0.179 0.178
0.6 0.148 0.152 0.156 0.158 0.166 0.169 0.174 0.172 0.176 0.178 0.178 0.179 0.182
0.8 0.148 0.152 0.15 0.149 0.155 0.158 0.164 0.166 0.165 0.169 0.172 0.175 0.177
d5 0.149 0.15 0.151 0.152 0.155 0.156 0.159 0.163 0.164 0.165 0.166 0.168 0.17
1.2 0.145 0.146 0.147 0.147 0.151 0.152 0.156 0.158 0.16 0.161 0.161 0.165 0.166
1.4 0.145 0.146 0.147 0.148 0.149 0.15 0.152 0.155 0.157 0.157 0.158 0.16 0.161
1.6 0.144 0.141 0.143 0.144 0.145 0.145 0.148 0.151 0.153 0.154 0.155 0.158 0.159
1.8 0.151 0.153 0.154 0.155 0.157 0.158 0.159 0.164 0.165 0.163 0.163 0.163 0.163
d1 0.154 0.157 0.158 0.158 0.163 0.164 0.165 0.169 0.169 0.166 0.163 0.163 0.167
2.2 0.155 0.161 0.162 0.16 0.165 0.167 0.169 0.17 0.171 0.17 0.17 0.171 0.17
2.4 0.151 0.152 0.155 0.155 0.157 0.158 0.159 0.16 0.161 0.16 0.161 0.162 0.163
2.6 0.148 0.149 0.151 0.152 0.154 0.157 0.16 0.158 0.159 0.16 0.161 0.165 0.163
2.8 0.148 0.15 0.152 0.152 0.154 0.154 0.158 0.16 0.164 0.164 0.164 0.163 0.164
d2 0.146 0.147 0.15 0.152 0.154 0.155 0.161 0.161 0.165 0.166 0.169 0.17 0.17
3.2 0.14 0.144 0.14 0.145 0.144 0.146 0.147 0.149 0.155 0.157 0.159 0.16 0.16
3.4 0.138 0.142 0.141 0.145 0.148 0.151 0.15 0.152 0.155 0.16 0.167 0.169 0.165
3.6 0.137 0.138 0.143 0.145 0.146 0.148 0.148 0.15 0.154 0.158 0.165 0.166 0.172
3.8 0.139 0.147 0.146 0.149 0.15 0.151 0.154 0.153 0.155 0.162 0.169 0.17 0.17
d3 0.141 0.143 0.146 0.147 0.148 0.147 0.147 0.151 0.151 0.152 0.154 0.158 0.161
4.2 0.142 0.144 0.142 0.142 0.143 0.15 0.151 0.155 0.158 0.16 0.16 0.162
4.4 0.15 0.149 0.151 0.156 0.157 0.161 0.162 0.162 0.162 0.163
4.6 0.154 0.155 0.157 0.161 0.161 0.162 0.162 0.162
4.8 0.155 0.157 0.158 0.159 0.16
s8d4 0.148 0.15 0.149
Average 0.146 0.147952 0.148864 0.150391 0.152739 0.154375 0.157667 0.1595 0.16176 0.16316 0.164154 0.165615 0.166423
568
Appendix 5.4 Thickness (cm)
14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.165 0.167 0.17 0.17 0.169 0.169 0.17 0.172 0.172 0.175 0.175 0.177 0.182 0.182
0.18 0.18 0.184 0.183 0.183 0.182 0.183 0.184 0.183 0.184 0.184 0.187 0.186 0.186
0.179 0.179 0.18 0.183 0.183 0.183 0.184 0.185 0.184 0.184 0.184 0.185 0.185 0.185
0.184 0.185 0.187 0.19 0.193 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195 0.195
0.179 0.178 0.182 0.183 0.188 0.192 0.193 0.196 0.196 0.196 0.195 0.192 0.195 0.192
0.172 0.171 0.174 0.175 0.177 0.176 0.176 0.18 0.18 0.183 0.183 0.181 0.184 0.181
0.167 0.167 0.168 0.168 0.169 0.169 0.17 0.171 0.171 0.172 0.172 0.173 0.176 0.177
0.161 0.162 0.162 0.163 0.164 0.164 0.166 0.166 0.167 0.168 0.169 0.17 0.171 0.171
0.159 0.159 0.16 0.161 0.163 0.163 0.164 0.165 0.166 0.167 0.168 0.169 0.17 0.17
0.166 0.167 0.168 0.169 0.169 0.17 0.17 0.171 0.171 0.172 0.173 0.175 0.176 0.183
0.169 0.169 0.17 0.171 0.171 0.174 0.176 0.177 0.175 0.177 0.178 0.18 0.181 0.18
0.175 0.173 0.175 0.176 0.178 0.183 0.184 0.185 0.182 0.183 0.185 0.188 0.187 0.188
0.166 0.169 0.17 0.171 0.172 0.176 0.177 0.183 0.184 0.185 0.185 0.187 0.187 0.19
0.164 0.165 0.169 0.172 0.18 0.18 0.183 0.184 0.185 0.185 0.185 0.186 0.186 0.186
0.166 0.167 0.17 0.175 0.174 0.172 0.173 0.174 0.178 0.179 0.179 0.181 0.178 0.18
0.17 0.17 0.168 0.17 0.172 0.173 0.175 0.185 0.185 0.184 0.188 0.186 0.183 0.183
0.162 0.163 0.163 0.167 0.171 0.17 0.174 0.173 0.173 0.175 0.175 0.172 0.172 0.174
0.166 0.167 0.167 0.168 0.169 0.17 0.172 0.172 0.173 0.173 0.174 0.174 0.174 0.174
0.173 0.173 0.173 0.174 0.174 0.174 0.174 0.174 0.174 0.174 0.175 0.172 0.173 0.173
0.173 0.178 0.174 0.169 0.174 0.172 0.175 0.176 0.175 0.176 0.177 0.177 0.174 0.177
0.166 0.165 0.165 0.166 0.166 0.166 0.163 0.166 0.166 0.169 0.169 0.169 0.169 0.168
0.165 0.167 0.167 0.167 0.168 0.172 0.172 0.165 0.171 0.173 0.172 0.17 0.171 0.171
0.163 0.164 0.164 0.164 0.164 0.165 0.165 0.159 0.159 0.159 0.159 0.159 0.159 0.159
0.164 0.165 0.165 0.165 0.165 0.165 0.165 0.163 0.163 0.163 0.163 0.163 0.163 0.163
0.16 0.161 0.162 0.162 0.163 0.163 0.164 0.163 0.163 0.163 0.164 0.164 0.164 0.164
0.15 0.147 0.152 0.155 0.154 0.154 0.159 0.158 0.16 0.16 0.161 0.164 0.165 0.166
0.167846 0.168385 0.169577 0.170654 0.172038 0.172769 0.173923 0.174692 0.175038 0.175923 0.176423 0.176769 0.177154 0.177615
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Appendix 5.4 Thickness (cm)
28 29 30 31 32 33 34 35 36 37 38 39 40 41
0.178 0.179 0.18 0.186 0.186 0.188 0.187 0.188 0.187 0.183 0.181 0.179 0.178 0.18
0.185 0.186 0.186 0.189 0.189 0.19 0.189 0.191 0.19 0.189 0.188 0.188 0.186 0.193
0.185 0.187 0.187 0.188 0.188 0.189 0.188 0.189 0.188 0.188 0.188 0.187 0.187 0.188
0.195 0.196 0.196 0.198 0.199 0.199 0.199 0.199 0.198 0.197 0.197 0.192 0.201 0.2
0.192 0.193 0.192 0.195 0.195 0.196 0.196 0.2 0.199 0.199 0.202 0.199 0.2 0.2
0.178 0.182 0.179 0.188 0.189 0.191 0.195 0.197 0.191 0.191 0.199 0.192 0.195 0.195
0.174 0.177 0.177 0.179 0.181 0.181 0.18 0.181 0.18 0.18 0.183 0.182 0.182 0.183
0.171 0.172 0.172 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.175 0.175 0.174
0.171 0.172 0.172 0.178 0.177 0.176 0.176 0.176 0.174 0.174 0.172 0.172 0.171 0.172
0.183 0.183 0.184 0.185 0.185 0.183 0.183 0.185 0.187 0.188 0.187 0.187 0.186 0.187
0.181 0.182 0.182 0.186 0.189 0.19 0.188 0.189 0.19 0.19 0.19 0.19 0.185 0.185
0.187 0.191 0.192 0.198 0.199 0.193 0.194 0.194 0.198 0.197 0.197 0.196 0.195 0.195
0.19 0.19 0.189 0.186 0.186 0.186 0.186 0.188 0.189 0.189 0.189 0.189 0.188 0.179
0.186 0.186 0.186 0.185 0.185 0.183 0.183 0.181 0.179 0.179 0.178 0.177 0.177 0.177
0.182 0.18 0.18 0.179 0.177 0.179 0.178 0.179 0.176 0.178 0.176 0.173 0.166 0.163
0.186 0.184 0.184 0.182 0.182 0.182 0.179 0.179 0.178 0.177 0.18 0.18 0.174 0.167
0.175 0.176 0.176 0.176 0.173 0.168 0.169 0.17 0.168 0.168 0.169 0.168 0.163 0.165
0.175 0.175 0.174 0.174 0.174 0.172 0.172 0.171 0.17 0.168 0.167 0.163 0.162 0.163
0.173 0.173 0.173 0.17 0.17 0.17 0.167 0.167 0.166 0.166 0.166 0.167 0.167 0.165
0.171 0.177 0.182 0.178 0.178 0.176 0.173 0.175 0.175 0.174 0.174 0.174 0.173 0.17
0.168 0.167 0.166 0.161 0.159 0.16 0.161 0.16 0.157 0.158 0.157 0.157 0.155 0.158
0.172 0.174 0.172 0.164 0.161 0.161 0.159 0.16 0.16 0.161 0.161 0.16 0.16 0.159
0.159 0.159 0.159 0.156 0.155 0.155 0.155 0.155 0.154 0.155 0.155 0.154 0.154 0.152
0.163 0.162 0.162 0.156 0.156 0.156 0.155 0.155 0.155 0.154 0.154 0.153 0.153 0.146
0.165 0.165 0.165 0.169 0.169 0.169 0.168 0.168 0.166 0.165 0.164 0.163 0.163 0.157
0.169 0.167 0.167 0.17 0.169 0.171 0.17 0.171 0.172 0.171 0.171 0.169 0.167 0.163
0.177462 0.178269 0.178231 0.178923 0.178731 0.178462 0.177923 0.178615 0.177808 0.1775 0.177731 0.176385 0.1755 0.174462
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Appendix 5.4 Thickness (cm)
42 43 44 45 46 47 48 49 50 51 52 53 54 55
0.185 0.19 0.194 0.194 0.194 0.193 0.19 0.187 0.186 0.177 0.174 0.176 0.177 0.17
0.193 0.192 0.187 0.188 0.188 0.185 0.185 0.183 0.179 0.176 0.175 0.176 0.179 0.177
0.188 0.187 0.186 0.185 0.183 0.18 0.179 0.179 0.176 0.175 0.173 0.171 0.171 0.171
0.199 0.2 0.197 0.196 0.194 0.193 0.192 0.189 0.185 0.183 0.183 0.181 0.181 0.18
0.201 0.202 0.196 0.195 0.194 0.194 0.197 0.197 0.194 0.185 0.181 0.18 0.18 0.181
0.196 0.197 0.197 0.19 0.186 0.184 0.189 0.193 0.185 0.184 0.18 0.179 0.178 0.18
0.184 0.183 0.178 0.177 0.176 0.177 0.177 0.176 0.175 0.168 0.167 0.166 0.164 0.162
0.173 0.172 0.17 0.168 0.167 0.166 0.165 0.164 0.163 0.161 0.16 0.159 0.159 0.158
0.171 0.169 0.168 0.165 0.167 0.166 0.165 0.163 0.162 0.161 0.16 0.16 0.159 0.159
0.186 0.185 0.182 0.179 0.179 0.176 0.175 0.172 0.171 0.167 0.167 0.166 0.166 0.166
0.185 0.184 0.184 0.183 0.183 0.178 0.177 0.176 0.171 0.17 0.17 0.172 0.171 0.171
0.194 0.193 0.192 0.19 0.19 0.188 0.183 0.181 0.181 0.173 0.17 0.17 0.169 0.167
0.178 0.176 0.177 0.177 0.178 0.178 0.177 0.173 0.171 0.168 0.168 0.167 0.165 0.163
0.176 0.175 0.179 0.178 0.178 0.178 0.175 0.174 0.174 0.172 0.171 0.169 0.167 0.166
0.162 0.161 0.161 0.158 0.158 0.159 0.161 0.159 0.165 0.164 0.163 0.162 0.164 0.162
0.164 0.165 0.164 0.161 0.159 0.159 0.164 0.161 0.162 0.168 0.168 0.166 0.168 0.169
0.166 0.161 0.164 0.161 0.16 0.158 0.157 0.156 0.159 0.156 0.152 0.151 0.152 0.148
0.161 0.16 0.163 0.162 0.158 0.157 0.152 0.15 0.148 0.143 0.142 0.139 0.143 0.141
0.163 0.162 0.162 0.161 0.16 0.156 0.155 0.154 0.152 0.148 0.147 0.146 0.143 0.142
0.165 0.165 0.162 0.163 0.164 0.161 0.162 0.161 0.153 0.146 0.145 0.145 0.144 0.143
0.159 0.158 0.158 0.16 0.158 0.157 0.158 0.156 0.154 0.146 0.142 0.141 0.14 0.139
0.157 0.159 0.158 0.157 0.157 0.156 0.155 0.148 0.152 0.146 0.144 0.139 0.138 0.135
0.152 0.152 0.151 0.152 0.15 0.15 0.149 0.148 0.15 0.139 0.139 0.138 0.138 0.137
0.146 0.146 0.145 0.144 0.144 0.144 0.143 0.142 0.142 0.141 0.14 0.139 0.139 0.138
0.156 0.155 0.154 0.155 0.155 0.15 0.15 0.147 0.147 0.146 0.146 0.145 0.145 0.143
0.161 0.16 0.158 0.157 0.156 0.156 0.154 0.152 0.15 0.148 0.146 0.145 0.144 0.143
0.173885 0.173423 0.172577 0.171385 0.170615 0.169192 0.168692 0.166962 0.165654 0.161962 0.1605 0.159538 0.159385 0.158115
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Appendix 5.4 Thickness (cm)
Average
56 57 58 59 60
0.172 0.167 0.17 0.169 0.164 0.174759
0.177 0.172 0.176 0.178 0.171 0.180407
0.171 0.171 0.172 0.172 0.171 0.1782
0.18 0.179 0.178 0.178 0.178 0.186567
0.177 0.176 0.175 0.176 0.174 0.1845
0.176 0.174 0.173 0.168 0.171 0.178383
0.161 0.159 0.158 0.156 0.156 0.169083
0.156 0.157 0.156 0.155 0.153 0.163967
0.158 0.157 0.156 0.156 0.155 0.162567
0.166 0.166 0.165 0.164 0.164 0.17205
0.172 0.17 0.17 0.172 0.166 0.1751
0.168 0.168 0.166 0.167 0.165 0.180067
0.162 0.16 0.159 0.158 0.159 0.173233
0.163 0.16 0.158 0.154 0.153 0.171817
0.159 0.158 0.157 0.145 0.142 0.166317
0.166 0.164 0.16 0.15 0.146 0.169267
0.146 0.145 0.141 0.138 0.135 0.160333
0.14 0.138 0.135 0.133 0.131 0.1592
0.14 0.138 0.137 0.137 0.135 0.159967
0.142 0.14 0.139 0.138 0.137 0.163117
0.138 0.136 0.134 0.129 0.128 0.155233
0.136 0.136 0.134 0.133 0.13 0.156508
0.136 0.135 0.134 0.133 0.132 0.153105
0.137 0.136 0.135 0.134 0.133 0.153036
0.14 0.138 0.137 0.136 0.135 0.157019
0.142 0.143 0.142 0.142 0.141 0.15718
0.167922
0.156962 0.1555 0.1545 0.152731 0.150962
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Appendix 6.1                                                      Main program for mode 1  
 
573 
 
% MAIN PROGRAM FOR MODE 1% 
clear;clc; 
%% Coded by Quang Thien Duong 
%Input 
% Width 
wide = 4.5; % in cm 
% Length 
length = 3.9; % in cm 
% Input data 
% pseudo layer 
pseudo_layer = zeros(28,62); 
%%%%%%%%%%%%% 
% THICKNESS % 
%%%%%%%%%%%%% 
% thickness layer 1  
ini_thickness(:,:,1) = pseudo_layer; 
% thickness layer 2  
ini_thickness(:,:,2) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 3  
ini_thickness(:,:,3) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 4  
ini_thickness(:,:,4) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 5  
ini_thickness(:,:,5) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 6  
ini_thickness(:,:,6) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 7  
ini_thickness(:,:,7) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 8  
ini_thickness(:,:,8) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 9  
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ini_thickness(:,:,9) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 10 
ini_thickness(:,:,10) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 11  
ini_thickness(:,:,11) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 12  
ini_thickness(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%%%%% 
% COLLAGEN CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%%%%% 
% collagen concentration layer 1 
ini_coll(:,:,1) = pseudo_layer; 
% collagen concentration layer 1 
ini_coll(:,:,2) = readDataFile_28X62('./Data/collagen/collagen_layer01.txt'); 
% collagen concentration layer 2 
ini_coll(:,:,3) = readDataFile_28X62('./Data/collagen/collagen_layer02.txt'); 
% collagen concentration layer 3 
ini_coll(:,:,4) = readDataFile_28X62('./Data/collagen/collagen_layer03.txt'); 
% collagen concentration layer 4 
ini_coll(:,:,5) = readDataFile_28X62('./Data/collagen/collagen_layer04.txt'); 
% collagen concentration layer 5 
ini_coll(:,:,6) = readDataFile_28X62('./Data/collagen/collagen_layer05.txt'); 
% collagen concentration layer 6 
ini_coll(:,:,7) = readDataFile_28X62('./Data/collagen/collagen_layer06.txt'); 
% collagen concentration layer 7 
ini_coll(:,:,8) = readDataFile_28X62('./Data/collagen/collagen_layer07.txt'); 
% collagen concentration layer 8 
ini_coll(:,:,9) = readDataFile_28X62('./Data/collagen/collagen_layer08.txt'); 
% collagen concentration layer 9 
ini_coll(:,:,10) = readDataFile_28X62('./Data/collagen/collagen_layer09.txt'); 
% collagen concentration layer 10 
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ini_coll(:,:,11) = readDataFile_28X62('./Data/collagen/collagen_layer10.txt'); 
% collagen concentration layer 1 
ini_coll(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% FCD(mEq/cm3) CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% FCD (mEQ/cm3) concentration layer 1 
ini_FCD(:,:,1) = pseudo_layer; 
% FCD (mEQ/cm3) concentration layer 2 
ini_FCD(:,:,2) = readDataFile_28X62('./Data/FCD/FCD_layer01.txt'); 
% FCD (mEQ/cm3) concentration layer 3 
ini_FCD(:,:,3) = readDataFile_28X62('./Data/FCD/FCD_layer02.txt'); 
% FCD (mEQ/cm3) concentration layer 4 
ini_FCD(:,:,4) = readDataFile_28X62('./Data/FCD/FCD_layer03.txt'); 
% FCD (mEQ/cm3) concentration layer 5 
ini_FCD(:,:,5) = readDataFile_28X62('./Data/FCD/FCD_layer04.txt'); 
% FCD (mEQ/cm3) concentration layer 6 
ini_FCD(:,:,6) = readDataFile_28X62('./Data/FCD/FCD_layer05.txt'); 
% FCD (mEQ/cm3) concentration layer 7 
ini_FCD(:,:,7) = readDataFile_28X62('./Data/FCD/FCD_layer06.txt'); 
% FCD (mEQ/cm3) concentration layer 8 
ini_FCD(:,:,8) = readDataFile_28X62('./Data/FCD/FCD_layer07.txt'); 
% FCD (mEQ/cm3) concentration layer 9 
ini_FCD(:,:,9) = readDataFile_28X62('./Data/FCD/FCD_layer08.txt'); 
% FCD (mEQ/cm3) concentration layer 10 
ini_FCD(:,:,10) = readDataFile_28X62('./Data/FCD/FCD_layer09.txt'); 
% FCD (mEQ/cm3) concentration layer 11 
ini_FCD(:,:,11) = readDataFile_28X62('./Data/FCD/FCD_layer10.txt'); 
% FCD (mEQ/cm3) concentration layer 12 
ini_FCD(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%% 
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% WATER CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%% 
% Water (g/cm3) concentration layer 1 
ini_water(:,:,1) = pseudo_layer; 
% Water (g/cm3) concentration layer 1 
ini_water(:,:,2) = readDataFile_28X62('./Data/water/water_layer01.csv'); 
% Water (g/cm3) concentration layer 2 có th? ph?i chuy?n qua .csv 
ini_water(:,:,3) = readDataFile_28X62('./Data/water/water_layer02.csv'); 
% Water (g/cm3) concentration layer 3 
ini_water(:,:,4) = readDataFile_28X62('./Data/water/water_layer03.csv'); 
% Water (g/cm3) concentration layer 4 
ini_water(:,:,5) = readDataFile_28X62('./Data/water/water_layer04.csv'); 
% Water (g/cm3) concentration layer 5 
ini_water(:,:,6) = readDataFile_28X62('./Data/water/water_layer05.csv'); 
% Water (g/cm3) concentration layer 6 có th? ph?i chuy?n qua .csv 
ini_water(:,:,7) = readDataFile_28X62('./Data/water/water_layer06.csv'); 
% Water (g/cm3) concentration layer 7 có th? ph?i chuy?n qua .csv 
ini_water(:,:,8) = readDataFile_28X62('./Data/water/water_layer07.csv'); 
% Water (g/cm3) concentration layer 8 có th? ph?i chuy?n qua .csv 
ini_water(:,:,9) = readDataFile_28X62('./Data/water/water_layer08.csv'); 
% Water (g/cm3) concentration layer 9 
ini_water(:,:,10) = readDataFile_28X62('./Data/water/water_layer09.csv'); 
% Water (g/cm3) concentration layer 10 có th? ph?i chuy?n qua .csv 
ini_water(:,:,11) = readDataFile_28X62('./Data/water/water_layer10.csv'); 
% Water (g/cm3) concentration layer 12 
ini_water(:,:,12) = pseudo_layer; 
%%%%%%%%% 
% ALPHA % 
%%%%%%%%% 
% alpha layer 1 
alpha(:,:,1) = pseudo_layer; 
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% alpha layer 2 
alpha(:,:,2) = readDataFile_28X62('./Data/alpha/alpha_layer01.csv'); 
% alpha layer 3  
alpha(:,:,3) = readDataFile_28X62('./Data/alpha/alpha_layer02.csv'); 
% alpha layer 4 
alpha(:,:,4) = readDataFile_28X62('./Data/alpha/alpha_layer03.csv'); 
% alpha layer 5  
alpha(:,:,5) = readDataFile_28X62('./Data/alpha/alpha_layer04.csv'); 
% alpha layer 6 
alpha(:,:,6) = readDataFile_28X62('./Data/alpha/alpha_layer05.csv'); 
% alpha layer 7  
alpha(:,:,7) = readDataFile_28X62('./Data/alpha/alpha_layer06.csv'); 
% alpha layer 8 
alpha(:,:,8) = readDataFile_28X62('./Data/alpha/alpha_layer07.csv'); 
% alpha layer 9  
alpha(:,:,9) = readDataFile_28X62('./Data/alpha/alpha_layer08.csv'); 
% alpha layer 10 
alpha(:,:,10) = readDataFile_28X62('./Data/alpha/alpha_layer09.csv'); 
% alpha layer 11  
alpha(:,:,11) = readDataFile_28X62('./Data/alpha/alpha_layer10.csv'); 
% alpha layer 12 
alpha(:,:,12) = pseudo_layer; 
% calculating delta x & delta Y  
delta_x = wide/60; delta_y = length/26; 
for k = 1:12 
    ini_volume(:,:,k) = delta_x * delta_y .* ini_thickness(:,:,k); 
    % initial water mass 
    ini_water_mass(:,:,k) = ini_water(:,:,k).*ini_volume(:,:,k); 
    % Determine distention 
    ini_TF(:,:,k) = (((ini_coll(:,:,k)./1.064200377)-1).^4).*alpha(:,:,k);  
    % Determine the osmotic pressure 
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    ini_OP(:,:,k) = (19.3.*(ini_FCD(:,:,k)./ini_water(:,:,k)).^2 + 3.51 * (ini_FCD(:,:,k)./ini_water(:,:,k))).*10.1325; 
    % pressure at each voxle 
    ini_press (:,:,k) = round((ini_TF(:,:,k) - ini_OP(:,:,k)).*10000)./10000; 
end 
% Setup Threshold 
thress = zeros(size(ini_water_mass,1),size(ini_water_mass,2),12); 
 
% Coordinate Setup 
xinit = 28; xend = 35; 
yinit = 12; yend = 15; 
depthOfInt = 1; 
% create active-inactive layout  
ini_dea_ali_map = zeros(28,62,12); % Surface of cartilage, fix that condition durong the process 
ini_dea_ali_map(:,:,12) = 2; % bottom is bone, it always avoid water go through 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
 % Automatic detect special block and indenter for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
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% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
water_mass = ini_water_mass; 
dea_ali_map = ini_dea_ali_map; 
vol_new = ini_volume; 
coll_new = ini_coll; 
FCD_new = ini_FCD; 
water_new = ini_water; 
pressure = ini_press; 
thickz_new = ini_thickness;  
tm = 1; 
%% For each time 
%thickness changes at centre% 
namea='cen_thick.txt'; 
fidcen = fopen(namea,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb='lefttop_thick.txt'; 
fidlefttop = fopen(nameb,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec='rightdown_thick.txt'; 
fidridown = fopen(namec,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at cloz centre % 
named='clozcen_thick.txt'; 
fidclocen = fopen(named,'a'); % see help fopen 
FORMAT = '%g '; 
loop = 237; 
for time = 1:loop 
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      % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
     
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
   %     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
   dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
        % Make sure the special extra force block follow this active modes ! 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
        % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
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    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time 
%     end 
      tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
          
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen,FORMAT,cen_thick); 
    fprintf(fidcen,'\n'); 
    %thickness changes at lefttop corner% 
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    lefttop_thick = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop,FORMAT,lefttop_thick); 
    fprintf(fidlefttop,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown,FORMAT,rightdown_thick); 
    fprintf(fidridown,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen,FORMAT,closcen_thick); 
    fprintf(fidclocen,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time 
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    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen); 
thick_at_cen = zeros(loop); 
thick_at_cen = load(namea)'; 
delete('cen_thick.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop); 
thick_at_lefttop = zeros(loop); 
thick_at_lefttop = load(nameb)'; 
delete('lefttop_thick.txt') 
% thickness changes at right_down corner % 
fclose(fidridown); 
thick_at_ridown = zeros(loop); 
thick_at_ridown = load(namec)'; 
delete('rightdown_thick.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen); 
thick_at_clocen = zeros(loop); 
thick_at_clocen = load(named)'; 
delete('clozcen_thick.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 2; 
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%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; %  the next layer at 12:15,28:35 value 1 (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea2='cen_thick2.txt'; 
fidcen2 = fopen(namea2,'a'); % see help fopen 
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FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb2='lefttop_thick2.txt'; 
fidlefttop2 = fopen(nameb2,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec2='rightdown_thick2.txt'; 
fidridown2 = fopen(namec2,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named2='clozcen_thick2.txt'; 
fidclocen2 = fopen(named2,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 90; 
for time2 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
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ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    
%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time2 
%     end 
     
    tm = tm + 1; 
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    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick2 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen2,FORMAT,cen_thick2); 
    fprintf(fidcen2,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick2 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop2,FORMAT,lefttop_thick2); 
    fprintf(fidlefttop2,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick2 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown2,FORMAT,rightdown_thick2); 
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    fprintf(fidridown2,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick2 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen2,FORMAT,closcen_thick2); 
    fprintf(fidclocen2,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time2 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen2); 
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thick_at_cen2 = zeros(loop); 
thick_at_cen2 = load(namea2)'; 
delete('cen_thick2.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop2); 
thick_at_lefttop2 = zeros(loop); 
thick_at_lefttop2 = load(nameb2)'; 
delete('lefttop_thick2.txt') 
% thickness changes at right_down corner % 
fclose(fidridown2); 
thick_at_ridown2 = zeros(loop); 
thick_at_ridown2 = load(namec2)'; 
delete('rightdown_thick2.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen2); 
thick_at_clocen2 = zeros(loop); 
thick_at_clocen2 = load(named2)'; 
delete('clozcen_thick2.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 3; 
 
 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
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ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea3='cen_thick3.txt'; 
fidcen3 = fopen(namea3,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb3='lefttop_thick3.txt'; 
fidlefttop3 = fopen(nameb3,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec3='rightdown_thick3.txt'; 
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fidridown3 = fopen(namec3,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named3='clozcen_thick3.txt'; 
fidclocen3 = fopen(named3,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 19; 
for time3 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
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%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time3 
%     end 
     
    tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
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        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick3 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen3,FORMAT,cen_thick3); 
    fprintf(fidcen3,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick3 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop3,FORMAT,lefttop_thick3); 
    fprintf(fidlefttop3,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick3 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown3,FORMAT,rightdown_thick3); 
    fprintf(fidridown3,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick3 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen3,FORMAT,closcen_thick3); 
    fprintf(fidclocen3,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
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    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time3 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen3); 
thick_at_cen3 = zeros(loop); 
thick_at_cen3 = load(namea3)'; 
delete('cen_thick3.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop3); 
thick_at_lefttop3 = zeros(loop); 
thick_at_lefttop3 = load(nameb3)'; 
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delete('lefttop_thick3.txt') 
% thickness changes at right_down corner % 
fclose(fidridown3); 
thick_at_ridown3 = zeros(loop); 
thick_at_ridown3 = load(namec3)'; 
delete('rightdown_thick3.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen3); 
thick_at_clocen3 = zeros(loop); 
thick_at_clocen3 = load(named3)'; 
delete('clozcen_thick3.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 4; 
 
 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
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% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+(time3*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea4='cen_thick4.txt'; 
fidcen4 = fopen(namea4,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb4='lefttop_thick4.txt'; 
fidlefttop4 = fopen(nameb4,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec4='rightdown_thick4.txt'; 
fidridown4 = fopen(namec4,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named4='clozcen_thick4.txt'; 
fidclocen4 = fopen(named4,'a'); % see help fopen 
FORMAT = '%g '; 
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loop = 114; 
for time4 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    
%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
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    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time4 
%     end 
     
    tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
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        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick4 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen4,FORMAT,cen_thick4); 
    fprintf(fidcen4,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick4 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop4,FORMAT,lefttop_thick4); 
    fprintf(fidlefttop4,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick4 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown4,FORMAT,rightdown_thick4); 
    fprintf(fidridown4,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick4 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen4,FORMAT,closcen_thick4); 
    fprintf(fidclocen4,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
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    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time4 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen4); 
thick_at_cen4 = zeros(loop); 
thick_at_cen4 = load(namea4)'; 
delete('cen_thick4.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop4); 
thick_at_lefttop4 = zeros(loop); 
thick_at_lefttop4 = load(nameb4)'; 
delete('lefttop_thick4.txt') 
% thickness changes at right_down corner % 
fclose(fidridown4); 
thick_at_ridown4 = zeros(loop); 
thick_at_ridown4 = load(namec4)'; 
delete('rightdown_thick4.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen4); 
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thick_at_clocen4 = zeros(loop); 
thick_at_clocen4 = load(named4)'; 
delete('clozcen_thick4.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 5; 
 
 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
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               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+(time3*2)+(time4*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea5='cen_thick5.txt'; 
fidcen5 = fopen(namea5,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb5='lefttop_thick5.txt'; 
fidlefttop5 = fopen(nameb5,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec5='rightdown_thick5.txt'; 
fidridown5 = fopen(namec5,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named5='clozcen_thick5.txt'; 
fidclocen5 = fopen(named5,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 21; 
for time5 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
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        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    
%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
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    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time5 
%     end 
     
    tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
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    cen_thick5 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen5,FORMAT,cen_thick5); 
    fprintf(fidcen5,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick5 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop5,FORMAT,lefttop_thick5); 
    fprintf(fidlefttop5,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick5 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown5,FORMAT,rightdown_thick5); 
    fprintf(fidridown5,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick5 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen5,FORMAT,closcen_thick5); 
    fprintf(fidclocen5,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
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    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time5 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen5); 
thick_at_cen5 = zeros(loop); 
thick_at_cen5 = load(namea5)'; 
delete('cen_thick5.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop5); 
thick_at_lefttop5 = zeros(loop); 
thick_at_lefttop5 = load(nameb5)'; 
delete('lefttop_thick5.txt') 
% thickness changes at right_down corner % 
fclose(fidridown5); 
thick_at_ridown5 = zeros(loop); 
thick_at_ridown5 = load(namec5)'; 
delete('rightdown_thick5.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen5); 
thick_at_clocen5 = zeros(loop); 
thick_at_clocen5 = load(named5)'; 
delete('clozcen_thick5.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
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%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 6; 
 
 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+(time3*2)+(time4*2)+(time5*2)+1; 
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%% For each time 
%thickness changes at centre% 
namea6='cen_thick6.txt'; 
fidcen6 = fopen(namea6,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb6='lefttop_thick6.txt'; 
fidlefttop6 = fopen(nameb6,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec6='rightdown_thick6.txt'; 
fidridown6 = fopen(namec6,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named6='clozcen_thick6.txt'; 
fidclocen6 = fopen(named6,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 39; 
for time6 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
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        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    
%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1 (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
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%         break; 
%         time6 
%     end 
     
    tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick6 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen6,FORMAT,cen_thick6); 
    fprintf(fidcen6,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick6 = sum(sum(total_thick(2:3,4:7)))/8; 
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    fprintf(fidlefttop6,FORMAT,lefttop_thick6); 
    fprintf(fidlefttop6,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick6 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown6,FORMAT,rightdown_thick6); 
    fprintf(fidridown6,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick6 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen6,FORMAT,closcen_thick6); 
    fprintf(fidclocen6,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time6 
    end 
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    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen6); 
thick_at_cen6 = zeros(loop); 
thick_at_cen6 = load(namea6)'; 
delete('cen_thick6.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop6); 
thick_at_lefttop6 = zeros(loop); 
thick_at_lefttop6 = load(nameb6)'; 
delete('lefttop_thick6.txt') 
% thickness changes at right_down corner % 
fclose(fidridown6); 
thick_at_ridown6 = zeros(loop); 
thick_at_ridown6 = load(namec6)'; 
delete('rightdown_thick6.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen6); 
thick_at_clocen6 = zeros(loop); 
thick_at_clocen6 = load(named6)'; 
delete('clozcen_thick6.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 7; 
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%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
%end 
% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+(time3*2)+(time4*2)+(time5*2)+(time6*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea7='cen_thick7.txt'; 
fidcen7 = fopen(namea7,'a'); % see help fopen 
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FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb7='lefttop_thick7.txt'; 
fidlefttop7 = fopen(nameb7,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec7='rightdown_thick7.txt'; 
fidridown7 = fopen(namec7,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named7='clozcen_thick7.txt'; 
fidclocen7 = fopen(named7,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 18; 
for time7 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
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ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    
%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time7 
%     end 
     
    tm = tm + 1; 
Appendix 6.1                                                      Main program for mode 1  
 
616 
 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick7 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen7,FORMAT,cen_thick7); 
    fprintf(fidcen7,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick7 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop7,FORMAT,lefttop_thick7); 
    fprintf(fidlefttop7,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick7 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown7,FORMAT,rightdown_thick7); 
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    fprintf(fidridown7,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick7 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen7,FORMAT,closcen_thick7); 
    fprintf(fidclocen7,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time7 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen7); 
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thick_at_cen7 = zeros(loop); 
thick_at_cen7 = load(namea7)'; 
delete('cen_thick7.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop7); 
thick_at_lefttop7 = zeros(loop); 
thick_at_lefttop7 = load(nameb7)'; 
delete('lefttop_thick7.txt') 
% thickness changes at right_down corner % 
fclose(fidridown7); 
thick_at_ridown7 = zeros(loop); 
thick_at_ridown7 = load(namec7)'; 
delete('rightdown_thick7.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen7); 
thick_at_clocen7 = zeros(loop); 
thick_at_clocen7 = load(named7)'; 
delete('clozcen_thick7.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
 
%% change the moving plate into the next layer (layer 2) 
 
depthOfInt = 8; 
 
 
%for tt = 1:depthOfInt 
    ini_dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
 
    ini_dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
%end 
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% close the boundary for 1D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 2; ini_dea_ali_map(28,:,2:11) = 2;% row 1 and row 28 
ini_dea_ali_map(:,1,2:11) = 2; ini_dea_ali_map(:,62,2:11) = 2;% column 1 and column 62 
 
ini_dea_ali_map(2,2:3,2:11) = 2; ini_dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 2; ini_dea_ali_map(24:27,3:4,2:11) = 2;ini_dea_ali_map(25:27,5:6,2:11) = 
2;ini_dea_ali_map(26:27,7:9,2:11) = 2;ini_dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down 
coner) 
         
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = 
odd_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear temp_odd_map; 
[block_even,temp_even_map] = 
even_step_active(ini_water_mass(:,:,depthOfInt+1),ini_dea_ali_map(:,:,depthOfInt+1)); clear 
temp_even_map; 
actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
% Automatic detect special layer 
               spclayer_odd = (1:2:depthOfInt+1); 
               spclayer_even = (2:2:depthOfInt+1); 
 
 
tm = (time*2)+(time2*2)+(time3*2)+(time4*2)+(time5*2)+(time6*2)+(time7*2)+1; 
 
%% For each time 
%thickness changes at centre% 
namea8='cen_thick8.txt'; 
fidcen8 = fopen(namea8,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb8='lefttop_thick8.txt'; 
fidlefttop8 = fopen(nameb8,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
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namec8='rightdown_thick8.txt'; 
fidridown8 = fopen(namec8,'a'); % see help fopen 
FORMAT = '%g '; 
 
% thickness changes at cloz centre % 
named8='clozcen_thick8.txt'; 
fidclocen8 = fopen(named8,'a'); % see help fopen 
FORMAT = '%g '; 
 
loop = 150; 
for time8 = 1:loop 
     
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,spclayer_odd,actblock_odd,water_mass(:,:,ly:ly+1),dea_
ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,
delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
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%     exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
     
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    % Make sure the special extra force block follow this active modes ! 
     
    dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
 
%     if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-4 
%         break; 
%         time8 
%     end 
     
    tm = tm + 1; 
    % EVEN STEP 
    even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
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        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,spclayer_even,actblock_even,water_mass(:,:,ly:ly+1),
dea_ali_map(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delt
a_x,delta_y,alpha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
         
    end 
    total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11); 
    %thickness changes at centre% 
    cen_thick8 = sum(sum(total_thick(yinit:yend,xinit:xend)))/((yend-yinit+1)*(xend-xinit+1));% take the mean 
value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    fprintf(fidcen8,FORMAT,cen_thick8); 
    fprintf(fidcen8,'\n'); 
    %thickness changes at lefttop corner% 
    lefttop_thick8 = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop8,FORMAT,lefttop_thick8); 
    fprintf(fidlefttop8,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick8 = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown8,FORMAT,rightdown_thick8); 
    fprintf(fidridown8,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick8 = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen8,FORMAT,closcen_thick8); 
    fprintf(fidclocen8,'\n'); 
    %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
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    % Make sure the special extra force block follow this active modes ! 
    %for tt = 1:depthOfInt 
        dea_ali_map(yinit:yend,xinit:xend,1:depthOfInt) = 2; % the top layer with indenter at 12:15,28:35 value 2 
(fixed cells) 
     
    % ini_dea_ali_map(yinit+1:yend+1,xinit+1:xend+1,tt+1) = 0; % extra zero in the boundary 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+1) = 1; % the next layer at 12:15,28:35 value 1  (fixed cells) 
    dea_ali_map(yinit:yend,xinit:xend,depthOfInt+2) = 0; 
    %end 
    dea_ali_map(:,:,12) = 2; % avoid water go through 
    % close the boundary 
    dea_ali_map(1,:,2:11) = 2; dea_ali_map(28,:,2:11) = 2; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 2; dea_ali_map(:,62,2:11) = 2; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 2; dea_ali_map(3,2,2:11) = 2;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 2; dea_ali_map(24:27,3:4,2:11) = 2;dea_ali_map(25:27,5:6,2:11) = 
2;dea_ali_map(26:27,7:9,2:11) = 2;dea_ali_map(27,10:11,2:11) = 2; % area of no material (left_down coner) 
     
    if sum(sum(water_mass(yinit:yend,xinit:xend,depthOfInt+1)))<5.62e-400 
        break; 
        time8 
    end 
     
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen8); 
thick_at_cen8 = zeros(loop); 
thick_at_cen8 = load(namea8)'; 
delete('cen_thick8.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop8); 
thick_at_lefttop8 = zeros(loop); 
Appendix 6.1                                                      Main program for mode 1  
 
624 
 
thick_at_lefttop8 = load(nameb8)'; 
delete('lefttop_thick8.txt') 
% thickness changes at right_down corner % 
fclose(fidridown8); 
thick_at_ridown8 = zeros(loop); 
thick_at_ridown8 = load(namec8)'; 
delete('rightdown_thick8.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen8); 
thick_at_clocen8 = zeros(loop); 
thick_at_clocen8 = load(named8)'; 
delete('clozcen_thick8.txt') 
 
%exportcsv(thickz_new, coll_new, FCD_new, water_new, water_mass, dea_ali_map); 
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% MAIN PROGRAM FOR MODE 2% 
clear;clc; 
%% Coded by Quang Thien Duong 
%Input 
% Width 
wide = 4.5; % in cm 
% Length 
length = 3.9; % in cm 
% Input data 
% pseudo layer 
pseudo_layer = zeros(28,62); 
%%%%%%%%%%%%% 
% THICKNESS % 
%%%%%%%%%%%%% 
% thickness layer 1  
ini_thickness(:,:,1) = pseudo_layer; 
% thickness layer 2  
ini_thickness(:,:,2) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 3  
ini_thickness(:,:,3) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 4  
ini_thickness(:,:,4) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 5  
ini_thickness(:,:,5) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 6  
ini_thickness(:,:,6) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 7  
ini_thickness(:,:,7) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 8  
ini_thickness(:,:,8) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 9  
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ini_thickness(:,:,9) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 10 
ini_thickness(:,:,10) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 11  
ini_thickness(:,:,11) = readDataFile_28X62('./Data/thickness/thickness_each_layer.txt'); 
% thickness layer 12  
ini_thickness(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%%%%% 
% COLLAGEN CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%%%%% 
% collagen concentration layer 1 
ini_coll(:,:,1) = pseudo_layer; 
% collagen concentration layer 1 
ini_coll(:,:,2) = readDataFile_28X62('./Data/collagen/collagen_layer01.txt'); 
% collagen concentration layer 2 
ini_coll(:,:,3) = readDataFile_28X62('./Data/collagen/collagen_layer02.txt'); 
% collagen concentration layer 3 
ini_coll(:,:,4) = readDataFile_28X62('./Data/collagen/collagen_layer03.txt'); 
% collagen concentration layer 4 
ini_coll(:,:,5) = readDataFile_28X62('./Data/collagen/collagen_layer04.txt'); 
% collagen concentration layer 5 
ini_coll(:,:,6) = readDataFile_28X62('./Data/collagen/collagen_layer05.txt'); 
% collagen concentration layer 6 
ini_coll(:,:,7) = readDataFile_28X62('./Data/collagen/collagen_layer06.txt'); 
% collagen concentration layer 7 
ini_coll(:,:,8) = readDataFile_28X62('./Data/collagen/collagen_layer07.txt'); 
% collagen concentration layer 8 
ini_coll(:,:,9) = readDataFile_28X62('./Data/collagen/collagen_layer08.txt'); 
% collagen concentration layer 9 
ini_coll(:,:,10) = readDataFile_28X62('./Data/collagen/collagen_layer09.txt'); 
% collagen concentration layer 10 
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ini_coll(:,:,11) = readDataFile_28X62('./Data/collagen/collagen_layer10.txt'); 
% collagen concentration layer 1 
ini_coll(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% FCD(mEq/cm3) CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% FCD (mEQ/cm3) concentration layer 1 
ini_FCD(:,:,1) = pseudo_layer; 
% FCD (mEQ/cm3) concentration layer 2 
ini_FCD(:,:,2) = readDataFile_28X62('./Data/FCD/FCD_layer01.txt'); 
% FCD (mEQ/cm3) concentration layer 3 
ini_FCD(:,:,3) = readDataFile_28X62('./Data/FCD/FCD_layer02.txt'); 
% FCD (mEQ/cm3) concentration layer 4 
ini_FCD(:,:,4) = readDataFile_28X62('./Data/FCD/FCD_layer03.txt'); 
% FCD (mEQ/cm3) concentration layer 5 
ini_FCD(:,:,5) = readDataFile_28X62('./Data/FCD/FCD_layer04.txt'); 
% FCD (mEQ/cm3) concentration layer 6 
ini_FCD(:,:,6) = readDataFile_28X62('./Data/FCD/FCD_layer05.txt'); 
% FCD (mEQ/cm3) concentration layer 7 
ini_FCD(:,:,7) = readDataFile_28X62('./Data/FCD/FCD_layer06.txt'); 
% FCD (mEQ/cm3) concentration layer 8 
ini_FCD(:,:,8) = readDataFile_28X62('./Data/FCD/FCD_layer07.txt'); 
% FCD (mEQ/cm3) concentration layer 9 
ini_FCD(:,:,9) = readDataFile_28X62('./Data/FCD/FCD_layer08.txt'); 
% FCD (mEQ/cm3) concentration layer 10 
ini_FCD(:,:,10) = readDataFile_28X62('./Data/FCD/FCD_layer09.txt'); 
% FCD (mEQ/cm3) concentration layer 11 
ini_FCD(:,:,11) = readDataFile_28X62('./Data/FCD/FCD_layer10.txt'); 
% FCD (mEQ/cm3) concentration layer 12 
ini_FCD(:,:,12) = pseudo_layer; 
%%%%%%%%%%%%%%%%%%%%%%% 
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% WATER CONCENTRATION % 
%%%%%%%%%%%%%%%%%%%%%%% 
% Water (g/cm3) concentration layer 1 
ini_water(:,:,1) = pseudo_layer; 
% Water (g/cm3) concentration layer 1 
ini_water(:,:,2) = readDataFile_28X62('./Data/water/water_layer01.csv'); 
% Water (g/cm3) concentration layer 2 có th? ph?i chuy?n qua .csv 
ini_water(:,:,3) = readDataFile_28X62('./Data/water/water_layer02.csv'); 
% Water (g/cm3) concentration layer 3 
ini_water(:,:,4) = readDataFile_28X62('./Data/water/water_layer03.csv'); 
% Water (g/cm3) concentration layer 4 
ini_water(:,:,5) = readDataFile_28X62('./Data/water/water_layer04.csv'); 
% Water (g/cm3) concentration layer 5 
ini_water(:,:,6) = readDataFile_28X62('./Data/water/water_layer05.csv'); 
% Water (g/cm3) concentration layer 6 có th? ph?i chuy?n qua .csv 
ini_water(:,:,7) = readDataFile_28X62('./Data/water/water_layer06.csv'); 
% Water (g/cm3) concentration layer 7 có th? ph?i chuy?n qua .csv 
ini_water(:,:,8) = readDataFile_28X62('./Data/water/water_layer07.csv'); 
% Water (g/cm3) concentration layer 8 có th? ph?i chuy?n qua .csv 
ini_water(:,:,9) = readDataFile_28X62('./Data/water/water_layer08.csv'); 
% Water (g/cm3) concentration layer 9 
ini_water(:,:,10) = readDataFile_28X62('./Data/water/water_layer09.csv'); 
% Water (g/cm3) concentration layer 10 có th? ph?i chuy?n qua .csv 
ini_water(:,:,11) = readDataFile_28X62('./Data/water/water_layer10.csv'); 
% Water (g/cm3) concentration layer 12 
ini_water(:,:,12) = pseudo_layer; 
%%%%%%%%% 
% ALPHA % 
%%%%%%%%% 
% alpha layer 1 
alpha(:,:,1) = pseudo_layer; 
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% alpha layer 2 
alpha(:,:,2) = readDataFile_28X62('./Data/alpha/alpha_layer01.csv'); 
% alpha layer 3  
alpha(:,:,3) = readDataFile_28X62('./Data/alpha/alpha_layer02.csv'); 
% alpha layer 4 
alpha(:,:,4) = readDataFile_28X62('./Data/alpha/alpha_layer03.csv'); 
% alpha layer 5  
alpha(:,:,5) = readDataFile_28X62('./Data/alpha/alpha_layer04.csv'); 
% alpha layer 6 
alpha(:,:,6) = readDataFile_28X62('./Data/alpha/alpha_layer05.csv'); 
% alpha layer 7  
alpha(:,:,7) = readDataFile_28X62('./Data/alpha/alpha_layer06.csv'); 
% alpha layer 8 
alpha(:,:,8) = readDataFile_28X62('./Data/alpha/alpha_layer07.csv'); 
% alpha layer 9  
alpha(:,:,9) = readDataFile_28X62('./Data/alpha/alpha_layer08.csv'); 
% alpha layer 10 
alpha(:,:,10) = readDataFile_28X62('./Data/alpha/alpha_layer09.csv'); 
% alpha layer 11  
alpha(:,:,11) = readDataFile_28X62('./Data/alpha/alpha_layer10.csv'); 
% alpha layer 12 
alpha(:,:,12) = pseudo_layer; 
% calculating delta x & delta Y  
delta_x = wide/60; delta_y = length/26; 
for k = 1:12 
    ini_volume(:,:,k) = delta_x * delta_y .* ini_thickness(:,:,k); 
    % initial water mass 
    ini_water_mass(:,:,k) = ini_water(:,:,k).*ini_volume(:,:,k); 
    % Determine tensile forces 
    ini_TF(:,:,k) = (((ini_coll(:,:,k)./1.064200377)-1).^4).*alpha(:,:,k);  
    % Determine the osmotic pressure 
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    ini_OP(:,:,k) = (19.3.*(ini_FCD(:,:,k)./ini_water(:,:,k)).^2 + 3.51 * (ini_FCD(:,:,k)./ini_water(:,:,k))).*10.1325; 
    % pressure at each voxle 
    ini_press (:,:,k) = round((ini_TF(:,:,k) - ini_OP(:,:,k)).*10000)./10000; 
end 
% Setup Threshold 
thress = zeros(size(ini_water_mass,1),size(ini_water_mass,2),12); 
 
% create active-inactive layout  
ini_dea_ali_map(:,:,1) = zeros(28,62);% Surface of cartilage, fix that condition during the process  
%ini_dea_ali_map(12:15,28:35,1) = 2;% the top layer with indenter at 12:15,28:35 value 2 (fixed cells)% cancel 
this code as the indenter is porous material. 
ini_dea_ali_map(:,:,12) = zeros(28,62);% the bottom layer with value 2 in whole. whole cells are fixed cells (not 
allow water go through) 
ini_dea_ali_map(:,:,12) = 2;% bottom is bone, it always avoid water go through 
% open the boundary for 3D condition. it can be changed for 2D 
ini_dea_ali_map(1,:,2:11) = 0; ini_dea_ali_map(28,:,2:11) = 0; 
ini_dea_ali_map(:,1,2:11) = 0; ini_dea_ali_map(:,62,2:11) = 0; 
ini_dea_ali_map(2,2:3,2:11) = 0; ini_dea_ali_map(3,2,2:11) = 0;% area of no material (left_top coner) 
ini_dea_ali_map(23:27,2,2:11) = 0; ini_dea_ali_map(24:27,3:4,2:11) = 0;ini_dea_ali_map(25:27,5:6,2:11) = 
0;ini_dea_ali_map(26:27,7:10,2:11) = 0;ini_dea_ali_map(27,11,2:11) = 0; % area of no material (left_down 
coner) 
  % put moving plate position here to get a dead-alive map with moving plate  
y_start = 12; y_end = 15; x_start = 28; x_end = 35; %position of indenter 
              ini_dea_ali_map(y_start:y_end,x_start:x_end,2) = 1; % layer 2 center of loaed area == 1      
    % similarly, we have for layer 3,5,7,9,11 
        ini_dea_ali_map(y_start:y_end,x_start:x_end,3:2:11) = 1; % layer 2 center of loaed area == 1         
     % for layer 4,6,8,10, we put zeros at center only, not for above, left, right and below        
        ini_dea_ali_map(y_start:y_end,x_start:x_end,4:2:10) = 0; 
     % not for even grid, special cell for even grid will be put in loop  
% Automatic detect special block and hammer for layer 2 only where the ones are located. 
[block_odd,temp_odd_map] = odd_step_active(ini_water_mass(:,:,2),ini_dea_ali_map(:,:,2)); clear 
temp_odd_map; 
[block_even,temp_even_map] = even_step_active(ini_water_mass(:,:,2),ini_dea_ali_map(:,:,2)); clear 
temp_even_map; 
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actblock_odd = block_odd(:,1);% special blocks in odd steps 
actblock_even = block_even(:,1);% special blocks in even steps 
 
water_mass = ini_water_mass; 
dea_ali_map = ini_dea_ali_map; 
vol_new = ini_volume; 
coll_new = ini_coll; 
FCD_new = ini_FCD; 
water_new = ini_water; 
pressure = ini_press; 
thickz_new = ini_thickness;  
tm = 1; 
%% For each time 
%thickness changes at centre% 
namea='cen_thick.txt'; 
fidcen = fopen(namea,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at left_top corner % 
nameb='lefttop_thick.txt'; 
fidlefttop = fopen(nameb,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at right_down corner % 
namec='rightdown_thick.txt'; 
fidridown = fopen(namec,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness changes at cloz centre % 
named='clozcen_thick.txt'; 
fidclocen = fopen(named,'a'); % see help fopen 
FORMAT = '%g '; 
% thickness around the hole % 
namee='arhole_thick.txt'; 
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fidarhole = fopen(namee,'a'); % see help fopen 
FORMAT = '%g '; 
loop = 100; 
for time = 1:loop 
    % ODD STEP 
    odd_layer = 11; 
    for ly = 1:2:odd_layer  
        % 1. Find the active block using the odd map 
        [odd_active_block1,new_odd_map] = odd_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [odd_active_block2,new_odd_map] = odd_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        odd_active = combineLayer(odd_active_block1,odd_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if odd_active ~= 0 
      
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
odd_step_computation(odd_active,new_odd_map,ly,actblock_odd,water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:l
y+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,delta_y,alpha(:
,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
    end 
     %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
       dea_ali_map(:,:,12) = 2; % avoid water go through 
    % open the boundary 
    dea_ali_map(1,:,2:11) = 0; dea_ali_map(28,:,2:11) = 0; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 0; dea_ali_map(:,62,2:11) = 0; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 0; dea_ali_map(3,2,2:11) = 0;% area of no material (left_top coner) 
    dea_ali_map(23:27,2,2:11) = 0; dea_ali_map(24:27,3:4,2:11) = 0;dea_ali_map(25:27,5:6,2:11) = 
0;dea_ali_map(26:27,7:10,2:11) = 0;dea_ali_map(27,11,2:11) = 0; % area of no material (left_down coner) 
        % Make sure the special extra force block follow this active modes !                 
                        dea_ali_map(y_start:y_end,x_start:x_end,2:2:10) = 1; % layer 2 center of loaed area == 1             
                    % for layer 3,5,7,9,11 we put zeros at center only, not for above, left, right and below        
            dea_ali_map(y_start:y_end,x_start:x_end,3:2:11) = 0; 
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    if sum(sum(water_mass(12:15,28:35,2)))<10e-2000 
        break; 
        time 
    end 
    tm = tm + 1; 
    % EVEN STEP 
    % before calculating, put condition of indenter  
         even_layer = 11; 
    for ly = 2:2:even_layer 
        % 1. Find the active block using the even map 
        [even_active_block1,new_even_map] = even_step_active(water_mass(:,:,ly),dea_ali_map(:,:,ly)); 
        [even_active_block2,new_even_map] = even_step_active(water_mass(:,:,ly+1),dea_ali_map(:,:,ly+1)); 
        % 2. Because it is 3D, combine the current layer with the next layer 
        even_active = combineLayer(even_active_block1,even_active_block2); 
        % 3. Evaluate the current layer AND the next layer together ! 
        if even_active ~= 0 
            
[water_mass(:,:,ly:ly+1),dea_ali_map(:,:,ly:ly+1),vol_change_new(:,:,ly:ly+1),vol_new(:,:,ly:ly+1),thickz_new(:,:,l
y:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),OP_new(:,:,ly:ly+1),TF_new(:,:,ly:ly+1),p
ressure(:,:,ly:ly+1)] = 
even_step_computation(even_active,new_even_map,ly,actblock_even,water_mass(:,:,ly:ly+1),dea_ali_map(:,:
,ly:ly+1),vol_new(:,:,ly:ly+1),coll_new(:,:,ly:ly+1),FCD_new(:,:,ly:ly+1),water_new(:,:,ly:ly+1),delta_x,delta_y,alp
ha(:,:,ly:ly+1),pressure(:,:,ly:ly+1)); 
        end 
    end 
 total_thick = 
thickz_new(:,:,2)+thickz_new(:,:,3)+thickz_new(:,:,4)+thickz_new(:,:,5)+thickz_new(:,:,6)+thickz_new(:,:,7)+thic
kz_new(:,:,8)+thickz_new(:,:,9)+thickz_new(:,:,10)+thickz_new(:,:,11);    
 %thickness changes at centre% 
    cen_thick = sum(sum(total_thick(y_start:y_end,x_start:x_end)))/((y_end-y_start+1)*(x_end-x_start+1));% 
take the mean value, with ((yend-yinit)*(xend-xinit)): the number of cell in loaded area 
    %cen_thick = total_thick(yinit,xinit); 
    fprintf(fidcen,FORMAT,cen_thick); 
    fprintf(fidcen,'\n'); 
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    %thickness changes at lefttop corner% 
    lefttop_thick = sum(sum(total_thick(2:3,4:7)))/8; 
    fprintf(fidlefttop,FORMAT,lefttop_thick); 
    fprintf(fidlefttop,'\n'); 
    % thickness changes at right_down corner % 
    rightdown_thick = sum(sum(total_thick(24:25,54:57)))/8; 
    fprintf(fidridown,FORMAT,rightdown_thick); 
    fprintf(fidridown,'\n'); 
    % thickness changes at cloz centre % 
    closcen_thick = sum(sum(total_thick(17:18,39:42)))/8; 
    fprintf(fidclocen,FORMAT,closcen_thick); 
    fprintf(fidclocen,'\n'); 
    % thickness changes at aronud hole % 
    arhole_thick = sum(sum(total_thick(y_start:y_end,x_start-1:x_start)))/((y_end-y_start+1)*(x_start-(x_start-
1)+1)); %the left of the hole 
    fprintf(fidarhole,FORMAT,arhole_thick); 
    fprintf(fidarhole,'\n'); 
        %exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
    % Make sure the special extra force block follow this active modes ! 
          % layer 2 
            dea_ali_map(y_start:y_end,x_start:x_end,2) = 1; % layer 2 center of loaed area == 1 
                          % similarly, we have for layer 3,5,7,9,11 
            dea_ali_map(y_start:y_end,x_start:x_end,3:2:11) = 1; % layer 2 center of loaed area == 1 
                      % for layer 4,6,8,10, we put zeros at center only, not for above, left, right and below        
            dea_ali_map(y_start:y_end,x_start:x_end,4:2:10) = 0; 
     % Make sure boundary condition 
      dea_ali_map(:,:,12) = 2; % avoid water go through 
        % open the boundary for 3D condition. it can be changed for 2D 
    dea_ali_map(1,:,2:11) = 0; dea_ali_map(28,:,2:11) = 0; % row 1 and row 28 
    dea_ali_map(:,1,2:11) = 0; dea_ali_map(:,62,2:11) = 0; % column 1 and column 62 
    dea_ali_map(2,2:3,2:11) = 0; dea_ali_map(3,2,2:11) = 0;% area of no material (left_top coner) 
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    dea_ali_map(23:27,2,2:11) = 0; dea_ali_map(24:27,3:4,2:11) = 0;dea_ali_map(25:27,5:6,2:11) = 
0;dea_ali_map(26:27,7:10,2:11) = 0;dea_ali_map(27,11,2:11) = 0; % area of no material (left_down coner) 
        if sum(sum(water_mass(12:15,28:35,2)))<10e-2000 
        break; 
        time 
    end 
    tm = tm + 1; 
end 
%thickness changes at centre% 
fclose(fidcen); 
thick_at_cen = zeros(loop); 
thick_at_cen = load(namea)'; 
delete('cen_thick.txt') 
%thickness changes at lefttop corner% 
fclose(fidlefttop); 
thick_at_lefttop = zeros(loop); 
thick_at_lefttop = load(nameb)'; 
delete('lefttop_thick.txt') 
% thickness changes at right_down corner % 
fclose(fidridown); 
thick_at_ridown = zeros(loop); 
thick_at_ridown = load(namec)'; 
delete('rightdown_thick.txt') 
% thickness changes at right_down corner % 
fclose(fidclocen); 
thick_at_clocen = zeros(loop); 
thick_at_clocen = load(named)'; 
delete('clozcen_thick.txt') 
% thickness changes at around hole % 
fclose(fidarhole); 
thick_at_arhole = zeros(loop); 
thick_at_arhole = load(namee)'; 
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delete('arhole_thick.txt') 
%exportVTK(thickz_new, coll_new, FCD_new, water_new,total_thick, tm); 
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% ODD_STEP_ACTIVE % 
function [odd_active_block,new_odd_map] = odd_step_active(ini_water_mass,ini_dea_ali_map) 
 
%% odd step 
% 1. Numbering the blocks 
% calculate and round the number of blocks along X and Y axis 
number_block_x_odd = fix(size(ini_water_mass,2)/2); 
number_block_y_odd = fix(size(ini_water_mass,1)/2); 
odd_map = []; 
for yy = 1:number_block_y_odd 
    xodd_map = []; 
    for xx = 1:number_block_x_odd 
        xodd_map = [xodd_map (xx+((yy-1)*number_block_x_odd)) (xx+((yy-1)*number_block_x_odd))]; 
    end 
    otot_map = [xodd_map;xodd_map];clear xodd_map; 
    odd_map = [odd_map;otot_map]; 
end 
% 2. Find the active blocks 
% Make size the same first 
if (size(odd_map,1) < size(ini_water_mass,1)) 
    new_odd_map = [odd_map; zeros(1,size(ini_water_mass,2))]; 
elseif (size(odd_map,2) < size(ini_water_mass,2)) 
    new_odd_map = [odd_map zeros(size(ini_water_mass,1,1))]; 
elseif (size(odd_map,1) == size(ini_water_mass,1)) && (size(odd_map,2) == size(ini_water_mass,2)) 
    new_odd_map = odd_map; 
end 
 
temp_odd_active = new_odd_map(ini_dea_ali_map==1); 
if ~isempty(temp_odd_active) 
    % remove zeros from temp_even_active 
    temp_odd_active = temp_odd_active(temp_odd_active~=0); 
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    odd_active_block = unique(temp_odd_active); 
    num_odd_active_block = size(odd_active_block,1); 
    for q = 1:num_odd_active_block 
        num_odd_vox(q) = sum(odd_active_block(q)==temp_odd_active); 
    end 
    % Indicating active blocks and their number of active cells in each active block 
    odd_active_block = [odd_active_block num_odd_vox.']; 
else 
    odd_active_block = 0; 
end 
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% EVEN_STEP_ACTIVE % 
function [even_active_block,new_even_map] = even_step_active(ini_water_mass,ini_dea_ali_map) 
 
%% even step 
% 1. Numbering the blocks 
% calculate and round the number of blocks along X and Y axis 
number_block_x_even = fix((size(ini_water_mass,2)-1)/2); % it does not matter 
size(ini_water_mass,2) or size(ini_water_mass_g2,2), all of them are 10  
number_block_y_even = fix((size(ini_water_mass,1)-1)/2); % it does not matter 
size(ini_water_mass,1) or size(ini_water_mass_g2,1), all of them are 9 
even_map = []; 
for yy = 1:number_block_y_even 
    xeven_map = []; 
    for xx = 1:number_block_x_even 
        xeven_map = [xeven_map (xx+((yy-1)*number_block_x_even)) (xx+((yy-
1)*number_block_x_even))]; 
    end 
    etot_map = [xeven_map;xeven_map];clear xeven_map; 
    even_map = [even_map;etot_map]; 
end 
% extra step to even_map 
even_map = [zeros(size(even_map,1),1) even_map]; 
even_map = [zeros(1,size(even_map,2));even_map]; 
% 2. Find the active blocks 
% Make size the same first 
new_even_map = [even_map zeros(size(ini_water_mass,1)-1,1)];% it does not matter 
size(ini_water_mass,2) or size(ini_water_mass_g2,2), all of them are 10  
new_even_map = [new_even_map; zeros(1, size(ini_water_mass,2))];% it does not matter 
size(ini_water_mass,1) or size(ini_water_mass_g2,1), all of them are 9 
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temp_even_active = new_even_map(ini_dea_ali_map==1); 
if ~isempty(temp_even_active) 
    % remove zeros from temp_even_active 
    temp_even_active = temp_even_active(temp_even_active~=0); 
    even_active_block = unique(temp_even_active); 
    num_even_active_block = size(even_active_block,1); 
    for q = 1:num_even_active_block 
        num_even_vox(q) = sum(even_active_block(q)==temp_even_active); 
    end 
    % Indicating active blocks and their number of active cells in each active block 
    even_active_block = [even_active_block num_even_vox.']; 
else 
    even_active_block = 0; 
end 
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% COMBINE_LAYERS % 
function comb_active = combineLayer(odd_active1,odd_active2) 
 
if (odd_active1 == 0) 
    comb_active = odd_active2; 
elseif(odd_active2 == 0) 
    comb_active = odd_active1; 
else 
    comb_active(:,1) = union(odd_active1(:,1),odd_active2(:,1)); 
    for kk = 1:(size(comb_active(:,1),1)) 
        zz1 = find(comb_active(kk)==odd_active1(:,1)); 
        if isempty(zz1) 
            zz1val = 0; 
        else 
            zz1val = odd_active1(zz1,2); 
        end 
        zz2 = find(comb_active(kk)==odd_active2(:,1)); 
        if isempty(zz2) 
            zz2val = 0; 
        else 
            zz2val = odd_active2(zz2,2); 
        end 
        zzz(kk) = zz1val + zz2val; 
    end 
    comb_active(:,2) = zzz.'; 
end 
              
Appendix 6.6                                                      Odd_step_computation  
 
 
642 
 
% ODD_STEP_COMPUTTION % 
function 
[water_mass_new,ini_dea_ali_map_new,vol_change_new,vol_new,thickz_new,coll_new,FCD_new,water_ne
w,OP_new,TF_new,press_new] = 
odd_step_computation(odd_active_block,new_odd_map,layer,actblock,ini_water_mass,ini_dea_ali_map,ini_v
olume,ini_coll,ini_FCD,ini_water,delta_x,delta_y,alpha,ini_pressure) 
ini_water_mass1 = ini_water_mass(:,:,1); 
ini_water_mass2 = ini_water_mass(:,:,2); 
 
ini_dea_ali_map1 = ini_dea_ali_map(:,:,1); 
ini_dea_ali_map2 = ini_dea_ali_map(:,:,2); 
 
ini_pressure1 = ini_pressure(:,:,1); 
ini_pressure2 = ini_pressure(:,:,2); 
 
al = 0.1; 
num_odd_active_block = size(odd_active_block,1); 
water_mass_new1=ini_water_mass1;  
water_mass_new2=ini_water_mass2;  
 
for q = 1:num_odd_active_block 
    a1(:,q) = [ini_water_mass1(new_odd_map==odd_active_block(q))]; 
    b1(:,q) = [ini_dea_ali_map1(new_odd_map==odd_active_block(q))]; 
    c1(:,q) = [ini_pressure1(new_odd_map==odd_active_block(q))]; 
 
    a2(:,q) = [ini_water_mass2(new_odd_map==odd_active_block(q))]; 
    b2(:,q) = [ini_dea_ali_map2(new_odd_map==odd_active_block(q))]; 
    c2(:,q) = [ini_pressure2(new_odd_map==odd_active_block(q))]; 
     
    a = [a1;a2]; b = [b1;b2]; c = [c1;c2]; 
    ta = a(:,q); tb = b(:,q); tc = c(:,q); 
     
    if (layer == 1) || (~isempty(intersect(odd_active_block(q,1),actblock))) 
Appendix 6.6                                                      Odd_step_computation  
 
 
643 
 
        % SPECIAL BLOCK CALCULATION 
        tb = b(:,q); 
        % detect the number of one-elements in b(:,q) 
        num_1(q) = sum(tb>=1); 
        % Detect the number of zero-elements in b(:,q) 
        num_0(q) = 8.-num_1(:,q); 
        if (sum(tb(5:8)) == 4) && (sum(tb(1:4)) == 8) % if there 2222,1111 in special block 
            new_a(1:4,q) = ta(1:4,1); 
            new_a(5:8,q) = ta(5:8,1); 
        else 
            for ii = 1:8 
                if tb(ii,1) == 1 
                    new_a(ii,q) = ta(ii,1) - ta(ii,1) * al; 
                elseif tb(ii,1) == 0 
                    new_a(ii,q) = ta(ii,1) +  (sum(ta(tb==1))*al/num_0(q)); 
                elseif tb(ii,1) == 2 
                    new_a(ii,q) = ta(ii,1); 
                end 
            end 
        end 
    else 
        % FOR COMMON BLOCK 
        tb = generalRules(tb,tc); 
        % detect the number of one-elements in b(:,q) 
        num_1(q) = sum(tb>=1); 
        % Detect the number of zero-elements in b(:,q) 
        num_0(q) = 8.-num_1(:,q); 
        for ii = 1:8 
            if tb(ii,1) == 1 
                new_a(ii,q) = ta(ii,1) - ta(ii,1) * al; 
            elseif tb(ii,1) == 0 
Appendix 6.6                                                      Odd_step_computation  
 
 
644 
 
                new_a(ii,q) = ta(ii,1) +  (sum(ta(tb==1))*al/num_0(q)); 
            elseif tb(ii,1) == 2 
                new_a(ii,q) = 0; 
            end 
        end 
    end 
         
    idx = find(new_odd_map == odd_active_block(q)); 
    % add watermass for the generation 2 based on init water and new mass of active blocks  
    water_mass_new1(idx) = new_a(1:4,q); 
    water_mass_new2(idx) = new_a(5:8,q); 
end 
 
water_mass_new(:,:,1) = water_mass_new1; 
water_mass_new(:,:,2) = water_mass_new2; 
 
for xx = 1:2 
     
    vol_change_new(:,:,xx) = water_mass_new(:,:,xx) - ini_water_mass(:,:,xx); 
     
    % now, new volume for the second generation. 
    vol_new(:,:,xx) = vol_change_new(:,:,xx) + ini_volume(:,:,xx); 
     
    % Now new thicknesses for generation 2  
    thickz_new(:,:,xx) = vol_new(:,:,xx)/(delta_x*delta_y); 
     
    % New collagen (g/cm3) for generation 2 
    coll_new(:,:,xx) = ini_coll(:,:,xx).*ini_volume(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    coll_new(isnan(coll_new))=0; 
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    % New FCD (mEq/cm3) for generation 2 
    FCD_new(:,:,xx) = ini_FCD(:,:,xx).*ini_volume(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    FCD_new(isnan(FCD_new))=0; 
     
    % now new water for the second generation 
   water_new(:,:,xx) = water_mass_new(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    water_new(isnan(water_new))=0; 
     
    % osmotic pressure for generation 2  
    OP_new(:,:,xx) = (19.3.*((FCD_new(:,:,xx))./(water_new(:,:,xx))).^2 + 
3.51.*(FCD_new(:,:,xx))./(water_new(:,:,xx))).*10.1325; 
    % just in case if NaN 
    OP_new(isnan(OP_new))=0; 
     
    % tensile force for generation 2 
    TF_new(:,:,xx) = (((coll_new(:,:,xx)./1.064200377)-1).^4).*alpha(:,:,xx); 
    % just in case if NaN 
    TF_new(isnan(TF_new))=0; 
     
    %  pressure at each voxel for generation 2 
    press_new(:,:,xx) = round((TF_new(:,:,xx)-OP_new(:,:,xx)).*1000000)./1000000; %sprintf('%.60g', (TF_g2-
OP_g2)); 
    % just in case if NaN 
    press_new(isnan(press_new))=0; 
    %  Threshold 
    thress(:,:,xx) = zeros(size(ini_water_mass(:,:,xx),1),size(ini_water_mass(:,:,xx),2)); 
    % creater inactive-active layout  
    ini_dea_ali_map_new(:,:,xx) = (press_new(:,:,xx)>thress(:,:,xx)); 
 
end 
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% EVEN_STEP_COMPUTATION % 
function 
[water_mass_new,ini_dea_ali_map_new,vol_change_new,vol_new,thickz_new,coll_new,FCD_new,water_ne
w,OP_new,TF_new,press_new] = 
even_step_computation(even_active_block,new_even_map,layer,actblock,ini_water_mass,ini_dea_ali_map,in
i_volume,ini_coll,ini_FCD,ini_water,delta_x,delta_y,alpha,ini_pressure) 
ini_water_mass1 = ini_water_mass(:,:,1); 
ini_water_mass2 = ini_water_mass(:,:,2); 
 
ini_dea_ali_map1 = ini_dea_ali_map(:,:,1); 
ini_dea_ali_map2 = ini_dea_ali_map(:,:,2); 
 
ini_pressure1 = ini_pressure(:,:,1); 
ini_pressure2 = ini_pressure(:,:,2); 
 
al = 0.1; 
num_even_active_block = size(even_active_block,1); 
water_mass_new1=ini_water_mass1;  
water_mass_new2=ini_water_mass2;  
 
for q = 1:num_even_active_block 
    a1(:,q) = ini_water_mass1(new_even_map==even_active_block(q)); 
    b1(:,q) = ini_dea_ali_map1(new_even_map==even_active_block(q)); 
    c1(:,q) = ini_pressure1(new_even_map==even_active_block(q)); 
 
    a2(:,q) = ini_water_mass2(new_even_map==even_active_block(q)); 
    b2(:,q) = ini_dea_ali_map2(new_even_map==even_active_block(q)); 
    c2(:,q) = ini_pressure2(new_even_map==even_active_block(q)); 
     
    a = [a1;a2]; b = [b1;b2]; c = [c1;c2]; 
     
    ta = a(:,q); tb = b(:,q); tc = c(:,q); 
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    if (layer == 2) || (~isempty(intersect(even_active_block(q,1),actblock))) 
        % SPECIAL BLOCK CALCULATION 
        tb = b(:,q); 
        % detect the number of one-elements in b(:,q) 
        num_1(q) = sum(tb>=1); 
        % Detect the number of zero-elements in b(:,q) 
        num_0(q) = 8.-num_1(:,q); 
        if (sum(tb(5:8)) == 4) && (sum(tb(1:4)) == 8) % if there 2222,1111 in special block 
            new_a(1:4,q) = ta(1:4,1); 
            new_a(5:8,q) = ta(5:8,1); 
        else 
            for ii = 1:8 
                if tb(ii,1) == 1 
                    new_a(ii,q) = ta(ii,1) - ta(ii,1) * al; 
                elseif tb(ii,1) == 0 
                    new_a(ii,q) = ta(ii,1) +  (sum(ta(tb==1))*al/num_0(q)); 
                elseif tb(ii,1) == 2 
                    new_a(ii,q) = ta(ii,1); 
                end 
            end 
        end 
    else 
        % FOR COMMON BLOCK 
        tb = generalRules(tb,tc); 
        % detect the number of one-elements in b(:,q) 
        num_1(q) = sum(tb>=1); 
        % Detect the number of zero-elements in b(:,q) 
        num_0(q) = 8.-num_1(:,q); 
        for ii = 1:8 
            if tb(ii,1) == 1 
                new_a(ii,q) = ta(ii,1) - ta(ii,1) * al; 
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            elseif tb(ii,1) == 0 
                new_a(ii,q) = ta(ii,1) +  (sum(ta(tb==1))*al/num_0(q)); 
            elseif tb(ii,1) == 2 
                new_a(ii,q) = 0; 
            end 
        end 
    end 
     
    idx = find(new_even_map == even_active_block(q)); 
    % add watermass for the generation 2 based on init water and new mass of active blocks  
    water_mass_new1(idx) = new_a(1:4,q); 
    water_mass_new2(idx) = new_a(5:8,q); 
end 
 
water_mass_new(:,:,1) = water_mass_new1; 
water_mass_new(:,:,2) = water_mass_new2; 
 
for xx = 1:2 
     
    vol_change_new(:,:,xx) = water_mass_new(:,:,xx) - ini_water_mass(:,:,xx); 
     
    % now, new volume for the second generation. 
    vol_new(:,:,xx) = vol_change_new(:,:,xx) + ini_volume(:,:,xx); 
     
    % Now new thicknesses for generation 2  
    thickz_new(:,:,xx) = vol_new(:,:,xx)/(delta_x*delta_y); 
     
    % New collagen (g/cm3) for generation 2 
    coll_new(:,:,xx) = ini_coll(:,:,xx).*ini_volume(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    coll_new(isnan(coll_new))=0; 
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    % New FCD (mEq/cm3) for generation 2 
    FCD_new(:,:,xx) = ini_FCD(:,:,xx).*ini_volume(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    FCD_new(isnan(FCD_new))=0; 
     
    % now new water for the second generation 
    water_new(:,:,xx) = water_mass_new(:,:,xx)./vol_new(:,:,xx); 
    % just in case if NaN 
    water_new(isnan(water_new))=0; 
     
    % osmotic pressure for generation 2  
    OP_new(:,:,xx) = (19.3.*((FCD_new(:,:,xx))./(water_new(:,:,xx))).^2 + 
3.51.*(FCD_new(:,:,xx))./(water_new(:,:,xx))).*10.1325; 
    % just in case if NaN 
    OP_new(isnan(OP_new))=0; 
   % tensile force for generation 2 
    TF_new(:,:,xx) = (((coll_new(:,:,xx)./1.064200377)-1).^4).*alpha(:,:,xx); 
    % just in case if NaN 
    TF_new(isnan(TF_new))=0; 
        %  pressure at each voxel for generation 2 
    press_new(:,:,xx) = round((TF_new(:,:,xx)-OP_new(:,:,xx)).*1000000)./1000000; %sprintf('%.60g', (TF_g2-
OP_g2)); 
    % just in case if NaN 
    press_new(isnan(press_new))=0; 
        %  Threshold 
    thress(:,:,xx) = zeros(size(ini_water_mass(:,:,xx),1),size(ini_water_mass(:,:,xx),2)); 
    % creater inactive-active layout  
    ini_dea_ali_map_new(:,:,xx) = (press_new(:,:,xx)>thress(:,:,xx)); 
 
end 
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% RULES % 
function tb = generalRules(tb,tc) 
   f = find(tb==2); 
 ff = find(tb~=2); 
 e = size(f,1); 
 ee = size(ff,1); 
 g = 8-e;    
tcc = zeros(ee,1); 
for ii = 1:ee 
    tcc(ii)= tc(ff(ii)); 
end 
tcc; 
%% for tcc with 8 elements (all ~=2 . This is the common block)  
if g == 8 % number of cell not '2' 
     if tcc(1:8)>0  % All tcc's elements have press>0.         
      [temtcc,idxtcc] = sort(tcc(1:8),'descend');% The orther will be inactive cells. 
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
       [idx7] = ind2sub(tcc,idxtcc(7)); % position of the seventh largest element in the vector 
       [idx8] = ind2sub(tcc,idxtcc(8)); % position of the eightth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
       tbb(idx5)=0; 
       tbb(idx6)=0; 
       tbb(idx7)=0; 
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       tbb(idx8)=0; 
               % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
               elseif tcc(1:8)<0  % All tcc's elements have press<0;  
              [temtc,idxtcc] = sort(tcc(1:8),'descend');% The orther will be inactive cells;  
       [idx1] = ind2sub(tcc,idxtcc(1));  
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
       [idx7] = ind2sub(tcc,idxtcc(7)); % position of the seventh largest element in the vector 
       [idx8] = ind2sub(tcc,idxtcc(8)); % position of the eightth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0;  
       tbb(idx5)=0; 
       tbb(idx6)=0; 
       tbb(idx7)=0; 
       tbb(idx8)=0; 
        % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
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        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:8)>=0 % Some tcc's elements have press>0, some press=0; 
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif  tcc(1:8)~=0;  % Some tcc's elements have press>0, some press<0; 
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:8)<=0  % Some tcc's elements have press=0, some press<0; 
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
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        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
% for tcc with 7 elements  
if g == 7 % number of cell not '2' 
     if tcc(1:7)>0  % All tcc's elements have press>0.           
      [temtcc,idxtcc] = sort(tcc(1:7),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
       [idx7] = ind2sub(tcc,idxtcc(7)); % position of the seventh largest element in the vector 
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       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
       tbb(idx5)=0; 
       tbb(idx6)=0; 
       tbb(idx7)=0; 
               % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
      elseif tcc(1:7)<0  % All tcc's elements have press<0;       
       [temtc,idxtcc] = sort(tcc(1:7),'descend');% The orther will be inactive cells;  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
       [idx7] = ind2sub(tcc,idxtcc(7)); % position of the seventh largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0;  
       tbb(idx5)=0; 
       tbb(idx6)=0; 
       tbb(idx7)=0; 
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       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:7)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
              elseif  tcc(1:7)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
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       elseif tcc(1:7)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
              else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
 
%% for tcc with 6 elements  
if g == 6 % number of cell not '2' 
     if tcc(1:6)>0  % All tcc's elements have press>0.   
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       [temtcc,idxtcc] = sort(tcc(1:6),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1));  
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
              tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
       tbb(idx5)=0; 
       tbb(idx6)=0; 
               % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        elseif tcc(1:6)<0  % All tcc's elements have press<0;  
        [temtc,idxtcc] = sort(tcc(1:6),'descend');% The orther will be inactive cells;  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       [idx6] = ind2sub(tcc,idxtcc(6)); % position of the sixth largest element in the vector 
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       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0;  
       tbb(idx5)=0; 
       tbb(idx6)=0; 
             % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:6)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif  tcc(1:6)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
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            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:6)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
      else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
%% for tcc with 5 elements  
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if g == 5 % number of cell not '2' 
     if tcc(1:5)>0  % All tcc's elements have press>0.   
      [temtcc,idxtcc] = sort(tcc(1:5),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
       tbb(idx5)=0; 
               % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        elseif tcc(1:5)<0  % All tcc's elements have press<0;  
       [temtcc,idxtcc] = sort(tcc(1:5),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       [idx5] = ind2sub(tcc,idxtcc(5)); % position of the fifth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
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       tbb(idx4)=0; 
       tbb(idx5)=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:5)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
              elseif  tcc(1:5)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
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        end 
       elseif tcc(1:5)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
% for tcc with 4 element (4 elements ~=2 in tb) 
if g == 4 % number of cell not '2' 
    if tcc(1:4)>0  % All tcc's elements have press>0.       
       [temtcc,idxtcc] = sort(tcc(1:4),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
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       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
               % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:4)<0  % All tcc's elements have press<0;  
       [temtcc,idxtcc] = sort(tcc(1:4),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       [idx4] = ind2sub(tcc,idxtcc(4)); % position of the fourth largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
       tbb(idx4)=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
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            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:4)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif  tcc(1:4)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        elseif tcc(1:4)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
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        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
%% for tcc with 3 elements  
if g == 3 % number of cell not '2' 
     if tcc(1:3)>0  % All tcc's elements have press>0.       
       [temtcc,idxtcc] = sort(tcc(1:3),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
             % return tb 
        tb = zeros(8,1); 
        for i=1:e 
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            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:3)<0  % All tcc's elements have press<0;  
       [temtcc,idxtcc] = sort(tcc(1:3),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       [idx3] = ind2sub(tcc,idxtcc(3)); % position of the third largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
       tbb(idx3)=0; 
             % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:3)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
           % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
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        end 
       elseif  tcc(1:3)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        elseif tcc(1:3)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
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        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
%% %% for tcc with 2 element (2 elements ~=2 in tb) 
if g == 2 % number of cell not '2' 
     if tcc(1:2)>0  % All tcc's elements have press>0.   
       [temtcc,idxtcc] = sort(tcc(1:2),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
                  % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:2)<0  % All tcc's elements have press<0;  
       [temtcc,idxtcc] = sort(tcc(1:2),'descend');% The orther will be inactive cells.  
       [idx1] = ind2sub(tcc,idxtcc(1)); 
       [idx2] = ind2sub(tcc,idxtcc(2)); % position of the second largest element in the vector 
       tbb(idx1)=1; 
       tbb(idx2)=0; 
                   % return tb 
        tb = zeros(8,1); 
        for i=1:e 
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            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif tcc(1:2)>=0 % Some tcc's elements have press>0, some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
              % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       elseif  tcc(1:2)~=0;  % Some tcc's elements have press>0, some press<0;  
       tbb(find(tcc<0))=0; 
       tbb(find(tcc>0))=1; 
       % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
        elseif tcc(1:2)<=0  % Some tcc's elements have press=0, some press<0;  
       tbb(find(tcc==0))=1; 
       tbb(find(tcc<0))=0; 
       % return tb 
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        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
       else  % Some tcc's elements have press>0, some press<0 some press=0;  
       tbb(find(tcc>0))=1; 
       tbb(find(tcc==0))=0; 
       tbb(find(tcc<0))=0; 
      % return tb 
        tb = zeros(8,1); 
        for i=1:e 
            tb(f(i))= 2; 
        end 
        for ii = 1:ee 
            tb(ff(ii))= tbb(ii); 
        end 
    end 
end 
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1. Pathway 1 Mode 1 
1.1. Pathway 1, Mode 1, Rule 1, Boundary condition 1D, λ = 0.3 
 
 
1.2. Pathway 1, Mode 1, Rule 1, Boundary condition 3D, Λ = 0.3 
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1.3. Pathway 1, Mode 1, Rule 2, Boundary condition 1D, Λ = 0.3 
 
 
1.4. Pathway 1, Mode 1, Rule 2, Boundary condition 3D, λ = 0.3 
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1.5. Pathway 1, Mode 1, Rule 3, Boundary condition 1D, λ = 0.3 
 
 
1.6. Pathway 1, Mode 1, Rule 3, Boundary condition 3D, λ = 0.3 
 
 
 
 
 
 
0 
10 
20 
30 
40 
50 
60 
70 
0 200 400 600 800 
St
ra
in
 (
%
) 
Step 
strain at loaded area A 
strain at B 
Strain at C 
Strain at D 
0 
10 
20 
30 
40 
50 
60 
70 
0 200 400 600 800 
St
ra
in
 (
%
) 
Step 
strain at loaded area A 
strain at B 
Strain at C 
Strain at D 
Appendix 7                                                           The graphs 
 
 
674 
 
2.  Pathway 1 Mode 2 
2.1. Pathway 1, Mode 2, Rule 1, Boundary condition 1D, λ = 0.1 
 
 
2.2. Pathway 1, Mode 2, Rule 1, Boundary condition 1D, λ = 0.3 
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2.3. Pathway 1, Mode 2, Rule 1, Boundary condition 3D, λ = 0.1 
 
 
 
2.4. Pathway 1, Mode 2, Rule 1, Boundary condition 3D, λ = 0.3 
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2.5. Pathway 1, Mode 2, Rule 2, Boundary condition 1D, λ = 0.1 
 
 
2.6. Pathway 1, Mode 2, Rule 2, Boundary condition 1D, λ = 0.3 
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2.7. Pathway 1, Mode 2, Rule 2, Boundary condition 3D, λ = 0.1 
 
 
2.8. Pathway 1, Mode 2, Rule 2, Boundary condition 3D, λ = 0.3 
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2.9. Pathway 1, Mode 2, Rule 3, Boundary condition 1D, λ = 0.1 
 
 
2.10. Pathway 1, Mode 2, Rule 3, Boundary condition 1D, λ = 0.3 
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2.11. Pathway 1, Mode 2, Rule 3, Boundary condition 3D, λ = 0.1 
 
 
2.12. Pathway 1, Mode 2, Rule 3, Boundary condition 3D, λ = 0.3 
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3.  Pathway 2 mode 1 
3.1. Pathway 2, Mode 1, Rule 1, Boundary condition 1D, λ = 0.1 
 
 
3.2. Pathway 2, Mode 1, Rule 1, Boundary condition 1D, λ = 0.3 
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3.3. Pathway 2, Mode 1, Rule 1, Boundary condition 3D, λ = 0.1 
 
 
3.4. Pathway 2, Mode 1, Rule 1, Boundary condition 3D, λ = 0.3 
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3.5. Pathway 2, Mode 1, Rule 2, Boundary condition 1D, λ = 0.1 
 
 
3.6.  Pathway 2, Mode 1, Rule 2, Boundary condition 1D, λ = 0.3 
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3.7. Pathway 2, Mode 1, Rule 2, Boundary condition 3D, λ = 0.1 
 
 
 3.8. Pathway 2, Mode 1, Rule 2, Boundary condition 3D, λ = 0.3 
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3.9. Pathway 2, Mode 1, Rule 3, Boundary condition 1D, λ = 0.1 
 
 
3.10. Pathway 2, Mode 1, Rule 3, Boundary condition 1D, λ = 0.3 
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3.11. Pathway 2, Mode 1, Rule 3, Boundary condition 3D, λ = 0.1 
 
 
3.12. Pathway 2, Mode 1, Rule 3, Boundary condition 3D, λ = 0.3 
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4. Pathway 2 mode2 
4.1. Pathway 2, Mode 2, Rule 1, Boundary condition 1D, λ = 0.1 
 
4.2. Pathway 2, Mode 2, Rule 1, Boundary condition 1D, λ = 0.3 
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4.3. Pathway 2, Mode 2, Rule 1, Boundary condition 3D, λ = 0.1 
 
 
4.4. Pathway 2, Mode 2, Rule 1, Boundary condition 3D, λ = 0.3 
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4.5. Pathway 2, Mode 2, Rule 2, Boundary condition 1D, λ = 0.1 
 
 
4.6. Pathway 2, Mode 2, Rule 2, Boundary condition 1D, λ = 0.3 
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4.7. Pathway 2, Mode 2, Rule 2, Boundary condition 3D, λ = 0.1 
 
 
4.8. Pathway 2, Mode 2, Rule 2, Boundary condition 3D, λ = 0.3 
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4.9. Pathway 2, Mode 2, Rule 3, Boundary condition 1D, λ = 0.1 
 
 
4.10. Pathway 2, Mode 2, Rule 3, Boundary condition 1D, λ = 0.3 
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4.11. Pathway 2, Mode 2, Rule 3, Boundary condition 3D, λ = 0.1 
 
 
4.12. Pathway 2, Mode 2, Rule 3, Boundary condition 3D, λ = 0.3 
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Water_layer01_step01
Water_layer01_step02
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Water_layer01_step03
Water_layer01_step 14
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Water_layer01_step 15
Water_layer01_step 16
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Water_layer01_step50
 
Water_layer01_step100
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Water_layer01_step120
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Water_layer02_step01
Water_layer02_step02
 
 
 
 
 
 
 
0 10 20 30 40 50 60 70
0
5
10
15
20
25
30  
 0
1
2
x 10
-4
0 10 20 30 40 50 60 70
0
5
10
15
20
25
30  
 0
1
2
x 10
-4
Appendix 8.1.1                                                           Water_layer 
 
 
698 
 
Water_layer02_step03
Water_layer02_step 14
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Water_layer02_step 15
Water_layer02_step 16
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Water_layer02_step50
Water_layer02_step100
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Water_layer02_step120
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